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About me

e Qt user since ~2004

The Qt Company - Oslo since 2011

Pointing devices: touch, Wacom tablets

Event delivery and handlers in Qt Quick

Linux/X11, Wayland, and macOS

QtPDF

e Qt Quick, Controls and Dialogs

The Qt
Company
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Agenda

Intro

Fixed content in 3D apps

3D content in 2D apps

2D content in 3D apps

Interactive 3D apps

Event delivery details

Remaining work
e Q&A

The Qt
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Disclaimers

Akademy

e | didn't implement Qt Quick 3D, only event delivery

e This presentation contains features we haven't shipped
e https://codereview.qt-project.org/c/qt/qtdeclarative/+/341515
» https://codereview.qt-project.org/c/qt/qtquick3d/+/338190

The Qt
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Intro

e What is a 3D interactive application?

e What sort of applications need 3D?
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Lnport Qk0uiiey Minimal Model Viewer
import QtQuick.Dialogs

import Qt.labs.settings

import QtQuick3D
import QtQuick3D.Helpers
import QtQuick3D.AssetUtils

View3D {
ndz

il en

Pers

DirectionalLight { } i
DirectionalLight { eulerRJISE

RuntimelLoader {

(Y=P=

view3D; width: 2048; heigle/y

vironment: SceneEnviro
pectiveCamera { id: camg

id: loader
property real sf: Mat
scale: Qt.vector3d(s
x: dragHandler.persis
y: dragHandler.persiste

AxisHelper { id: axes; sca N A
Model {
id: boundRP; source: "#Cull
materials: PrincipledMater
visible: axes.visible && 103
position: Qt.vector3d((loade



Most-common QML Types

ﬁ\kademy‘g

? Material
Node A

View3D —
+position: vector3d
scene . n
+camera: Camera < +eulerRotation: vector3d I
+environment: SceneEnvironment +scale: vector3d z " .
+visible: bool CustomMaterial PrincipledMaterial
+fragmentShader: url +baseColor & map
+vertexShader: url +emissiveFactor & map
+heightAmount, channel & map
| | I +metalness, channel & map
. +normalStrength & map
Model nght Camera +occlusionAmount, channel & map
+bounds: Bounds +color: color +opacity, channel & ma
u u . r +1lookAt (node) pactty e
+castsShadows: bool +brightness: real +roughness, channel & map
+LlookAt (vector3d)
+geometry: Geometry +specularAmount, tint & map
+materials: List<Material> +specularReflectionMap
+pickable: bool
+source: url
DefaultMaterial
+bumpAmount & map
Runtimeloader +diffuseColor, LightWrap & map
ibotinds: Bounds +emissiveFactor & map
. +normalMap
+source: url - h &
+status: enum +opacity, channe map
+roughness, channel & map

+specularAmount, tint & map
+specularReflectionMap
+translucencyChannel & map
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Design Tools Workflow

Balsam Ul

Input | Settings
3D Scene (assimp)
Supported extensions: fbx, dae, obj, gitf, glb, stl
Calculate Tangent Space:
Drop Normals:
FBX: Preserve Pivot Points:
Find Degenerates: v -0 ject3D
Find Instances:
Find Invalid Data: v

modeling tools model formats e

Generate lightmap UV channel:

Generate Mip Maps: v [ item |

Generate Normals: —
@ Generate Smooth Normals: v A\ @
Ien er Enable Global Scale: Node A
View3D

>||

Global Scale Value: 1 +position: wector3d

scene n
+camera: Camera [C>—=—=———+eulerRotation: vectorid
Imnrowa Cache Lacalite o

+environment: SceneEnvironment +scale: vector3d P " -

suisible: bosl
e n +fragnentsnader: url [+baseCotor & nap
A +vertexshader: url remissiveFactor & nap

t, channel & map

[ | 1 -netalness, channel & map
- normalstrength & nap
FreeCAD Model tioht Comers e e
“bounds: Bounds “cotar: cotor ropacity, channel & may
t “LookAt{node) ity 5
+castsshadows: bool +brightness: real At 99 +roughness, channel & nap
geometry: Geometry -specularanount, tint & map
materials: Listetoterials +specularheflectiontiap

+pickable: boal

— S |+source: url
u DefaultMaterial

[ +bunpAnsunt & ma)

Maya
3 dsy Ma 0’$0m < Sttt T e
x C LLADA. .gqm | T s

+stalus: enum +opacity, channel & map
—_—
N [ ] I b X

WAVEFRONT .obj

+specularAnount, tint & map
[N ’

specutarieiectiontiap
+trans LucencyChannel & map
asset
importer
( library

| Q ter

1
P ons:_outp! ions
Cimpaeet)

[assimpimporter] [Uipimporter]

0

SPIR.
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Qt Creator's 3D Design Tab

£ Search

DEFAULT COMPONENTS
ANIMATION (8)

r_a

" r_= r_=
O O O
4 L %

ot L ol
Number  Paralle Pause
Colo...tion
Animation Animation Animation
r_a r_a [T r_a
O O O
et | o gt
Property  Property Script  Sequential
Action Animation Action  Animation

~ BASIC(11)

Flickable

Animated  Border Focus
Image Image Scope
A fu) L e

EE - )
Mouse
Image Item A Rectangle
Area

T T o

ext Text Edit  Text Input
~ POSITIONER (&)
m =
=
Column Flow

- VIEWS (3)

=

Grid View List View Path View

MY COMPONENTS

Connection iew

Connections

+
Nawgator Ty

Bindings Properties

Signal Handler
Ui 2

Backends

None or multiple component

¢ rO0T

Action




import QtQuick H .
import QtQuiCk.ParticzesD content Ina 3D app"lte.

import QtQuick3D L;:::::] fg...:::

hover & tap

View3D { s .‘ .\ T d'
width: 1024; height: 480 . i — 1 1
PerspectiveCamera { z: 6060 } ® .

DirectionallLight { }

Node {
x: -150; y: 128; z: 380
eulerRotation.y: (bb.sliderValue - 0.4) *x 40
BusyBox { // Root of a 2D subscene!
id: bb
ParticleSystem {
anchors.fill: parent

ItemParticle {
delegate: Rectangle {
color: Qt.rgba(Math.random(), Math.random(), Math.random(), 1)
radius: 3; width: radius * 2; height: width
b

}
Emitter {

anchors.centerIn: parent
enabled: bb.topButtonPressed
emitRate: 500; lifeSpan: 2000

velocity: PointDirection Variation: 360; xVariation: 360
y 7 ’ Y 410728




LNpoIE CkOuHicis Materials with shared Textures
import QtQuick3D

View3D {
width: 1024; height: 480

\ oer& tap

DirectionalLight { eulerRotation.y: 90 }
DirectionalLight { eulerRotation.y: -45 }
PerspectiveCamera { z: 600 }

Node {
objectName: "left object"
x: —-120; z: 400
eulerRotation.x: -15
eulerRotation.y: 10
Model {
source: "#Cube"
pickable: true // <-- important!
materials: DefaultMaterial {
diffuseMap: Texture {
sourceltem: BusyBox {
id: leftBusybox
X: 20 — Width
layer.enabled: true // to make a Texture available
layer.textureSize: Qt.size(512, 512) // <-- suitable resolution
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Mouse Press: Delivery to Subscene

QPointingDevice I I QPoinﬁngDevPriv?Even‘FointData] I QGuiAppI [ QEventPoint] I QMouseEventl I QQWindowI I QQDeIiveryAgentI I QQ’SDViewportl [ QQBDDefauItMaterialI I TapHandIerI I subsceneiQQDeIiveryAgent] DragHandler l [ViewportTransformHelperI
T T T T T T T T T T T T T
N H M MouseEvent | N i 1 i i i i H i

i " | 1 i i | | i

' ctor I | \ ' I I ' ' I
I ' I I I ' |

. L . I I . .

Event Delivery in Window's DeliveryAgent y 8 } i i i i
event ] i | H 1 | i
' I I I ' I

event : : : : : :

I I I ' |

. | ' ' ' |

i I I I i

P 1 | i i |

event : i i i i

I ' ' I

' |

intenalPick ‘ hit-test the 3D Model: find the 2D subscene's root item ’L. } I

T T ' i

difuseMap()->sourcsitem()_| : | |

> ' ' !

: : :

setModelPosition H H i '

0 ' |

setWorldPosition H + i

| I i

handlePointerEvent | TapHandler on a 3D Model ) i

T I

| T |

Subscene Event Delivery / | | ]

add ber 1 i i
T ' i
addPassiveGrabber H H i i
I I ' i
passiveGrabbers.append(handler) b i i i
I I ' i
grabChanged ! ! ! :
I I ' I
' i ' |
onGrabChanged | | | i
I | I i
I I ' I
remember that window's agent i " [ ! ) H
handles this grab I P rabbersContektjappend(agent) 1 i i i
I I I |
event i i i i
> I
| | anyPointerHandlerWants i
A ' —» '
1 1 | wantsEventPoint i
I I i
H | deliverMatchingPointsToltem | '
i | i i
I I I |
! i handlePointerEvent | handlers go first ™ i
PR
I ' | I
' ' I handlePointerEvent i
' ' ———— > |
ddpassiveGrabb ) y : :
T T T i
I I | I
Leﬂr:;:;b{e[;:}:;ta;ubscene e I passiveGrabbersConteft|append(agent) i i 3 ! 3
i | I ' |
| | | ' I
i i event | [then the item itself & |
I ' |
h 1 mousePressEvent 1 '
I I |
H H 4 i
setExclusiveGrabber 1 | if item subclass allows the event to remain accepted B‘ ]
T T |
I I T |
setExclusiveGrabber L I U g !
| | I ' i
exclusiveGrabber = item X ) ] H i
onGrabChanged i i | i |
| ' |
i 1 | ' |
remember that subscene agent exclusiveGrabberContehd = agent I I I ' i
handles this grab i i i
| i | |
I I | i
remember how to transform from scene to subscene coordinates B' ctor i | i | i
setSceneTransform(ViewportTransformHelper) !

T T I \ " ' '
' ' ' ' ' ' ' '
' ' | ' ' ' '

DragHandler l lviewportTransformHelper I
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QPointingDevice l | QPointingDevPriv_EventPointData I | QGuiAppI l QEventPointI | QMouseEvent I | QQwindow l | OODeIiveryAgentI | ooaDviewpcrtl | QQaDDefaultMaterialI | TapHandlerl | subscene_QODeIiveryAgentl




Mouse Drag: Delivery to Subscene

QPointingDevicePrivate I |EventP0intData . I QGuiApp l
T

| QMouseEvent I | QQuickwindow l | QQDeliveryAgent I
T T T

|TapHand|er l l subscene_QQDeliveryAgent l |viewportTransformHeIper I I Item I | DragHandler I

pointByld

_ pointByld
<

ventPointData ! ..

1 ] 1
pracessMousabvart | QPA mouse move with button still pressed Bl

ctor

Y

event

EventPointData

T
|
|
|
|
|
|
|
|
+
|
|
|
|
|
|
|
|
T
|
|

i
|
T
i
|
|
i
|
|
i
|
|
I
|
[
|
|
|
i
|
I
|
|
|
|
I
i
|
|
I
|
|
i
|
|
i
|
|
i
|
I
I
|
|
i
|
|
i
|
|
|
|
|
|
|
i
|
|
i
|
|
i
|
]
i
|
I
i
|

get exclusive

abberContext

Y

get passiveGr

bersContext(s)

-
]
|

!

L

X

-
|

event

event

11

deliverPointerEvent

map(scenePosition)

L.

I EventPoint transformed for subscene B.

T
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

)

Il

deliverupdatedPoints

1
i
] 1
| finds the grabbers; exclusive grabber goes first B.

deliverMatchingPointsToltem

event

1
|
|
i
|
|
i

handlePointerEvent

>

e

|
|
|
|
|
|
| >
r o
! I—l
|
|
| |
| |
L i
| |
| |
| |

>
rl

T
|
I
]
|
i
|
|
I
)
|
i
|
|
1
|
|
I
|
|
I
|
|
I
|
|
I
|
|
I
|
: Subscene Event Delivery /
|
]
|
|
)
|
I
|
|
I
|
|
i
|
|
i
|
|
i
|
|
i
|
|
i
|
|
i
|
1
I
]
1
I
]

Event De

livery in Window's DeliveryAgent

1
i
|
i
1
deliverPointerEvent :
1
|

finds the passive grabber b.

|
|
|
deliverupdatedpPoints |
|
|
i

handlePointerEvent

.
>

J

QPointingDevicePrivate I |EventPointData l I QGuiApp I

| QMouseEvent l | QQuickwindow l | QQDeIiveryAgent]

|TapHandIer l [ subscene_QQDeliveryAgent I |ViewportTransformHelper] I ftem l | DragHandIerI
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LNpoIE CkOuHics Virtual Screen on a Model
import QtQuick3D

5 W)

'import QtQuick3D.Particles3D —— _H T —
: ®

import QtQuick.Controls -
import QtQuick.Controls.Material

View3D {
id: view
width: 1600

height: 1600 ———  Pain0tquick
v 100

environment: SceneEnvironment {
clearColor: "black"
backgroundMode: SceneEnvironmen
antialiasingMode: SceneEnvironmg
lightProbe: Texture {

source: "blinds_2k.hdr"

}
probeOrientation: Qt.vector3d(-
probeExposure: mainScreen.ambie

}

SpotLight {
Z2: 34U
brightness: mainScreen.taskLigh
ambientColor: Qt.rgba(0.2, 0.2,
eulerRotation.y: -20
coneAngle: 50
innerConeAngle: 10
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L e Interactive 3D app
import QtQuick3D.Helpers

import QtQuick3D.AssetUtils

View3D {
id: view3D; width: 4000; height: 2000; y: 100; x: 400

”#E
10
9
8
.
6
&5
4
3
.2.
id: vuTimer
interval: 100; repeat: true; running: obj.powerOn
onTriggered: { #15/28

obj.leftMeterRot = 20 + Math.random() * 40



Preparing third-party GLTF for QQ3D
x v
Akademy‘g

Split meshes of interactive elements into separate objects

Download something interesting (http://skfb.ly/ etc.)

Import into Blender

Set origins of rotable elements to centers
Set 3D cursor to origin

Move/rotate interactive controls to 'zero'
Re-export to gltf / glb

$ balsam myfile.glb

write a QML viewer and look at Myfile.gml in it

# 16/ 28



Blender: lasso vertices, select linked vertices

X File Edit Render Window Help Layout lodeling  Sculpting U ting  Texture Pair &9v Scene ] &l View Layer

=

2 Il EIAE 1 coa v Oy Dl @) SRR oo = @ o

i EditMode v &J(yml View [Select’ Add Mesh Vertex Edge Face UV @+ BN v (@ v |7 M= 463675e99¢1740ef83f79fe666570999.fbx
ey v J= RootNode

All
v ,}w Rodec Mixetta

User Perspective

(1) Rodec_Mixetta Rodec_Knot None
Invert

Box Select L ? Rodec_Mixetta Rodec Knobs O
Circle Select

Select Random Ve e s 0

Checker Deselect - _
o B Rodec Mixetta Rodec Knobs 0

Select Sharp Edges

‘W~ Rodec_Mixetta_Rodec_Knobs_0
Select Similar

¥ Transform
Select All by Trait

Location X Om
Y Om
Select Loops = 0Om

Select More/Less

Select Linked - Linked | IRyl Rotation W 1.000
Shortest Path o 0.000

Linked Flat F  Select all vertices connected to the current selection. 0.000

Z 0.000

Side of Active

Select Mirror

i . Mode Quaternion (WXYZ)
Select Linked All
Scale X 1.000

Playback v Keying v View Marker & l« o4 4 P »o »l ~ 1.000
= el atatal

#) Select S Box Select () Rotate View 8 call Menu




Blender: set origin

XD File Edit Render Window Help Layout lodeling  Sculpting U it Tex #5v Scene &l View Layer 1]

2 @ Orientation: L, Defaut v Drag: Select Box 1o, Global v (v D)l v N Options v  T=mv [&lv

Y ‘W Object Mode v ] | : B Scene Colle

Transform 5 v | Collectic @ © @

r=-- ~ Srera et e 5
?-_EJ 1) Collection | Roder Misetts Rog ~ SetOrigin . Geometry to Origin > me Can ©nQ
» J= RootNoc ©@ Q1

i Mirror Origin to Geometry

\
il Clear Origin to 3D Cursor
2pely " Originto Center of Mass (Surface)
e Origin to Center
 Set the object's origin, by either moving the data, or set to center of

Duplicate Objects LD
data, or use 3D cursor: Origin to Center of M

Duplicate Linked
Joi Calculate the center of mass from the surface area
oin
‘W v Rodec Mixe..
Copy Objects

Paste Objects tr %' ¥ Transform

Parent ( ‘ : Loca...
Collection ' ;

Relations

Constraints

Track

Link/Transfer Data

Shade Smooth
Shade Flat

g Animation
@+ Playback v Keying v View Mar Rigid Body &  Start End 250

#) Select ®)V Box Select k ’ (8 Object Context Menu




o ¥ o SRR A A e

L -
A File Edit Render Window Help Layout
19, @ Orientation: 1. Default .
Rotation: 6.90 global

User Perspective

Playback v Keying v View Marker

Blender: rotate an object

Select Box

I« o< 4 P 2o >l

12, Global «

&5 v Scene

Options +

View Layer

© Q@
© Q@
© QA
©nQ
@@

B Rodec Mixetta Rodec Knobs 0.001

B ~ Rodec Mixetta Rodec Knobs 0.001

¥ Transform

Location X
Y
7

Rotation W
X
Y
Z

Mode

Scale X
Y
4

0.01836 m
-0.018837 m
0.022812 m

0.998
-0.000
-0.060
-0.000

Quaternion (WXYZ)

1.000
1.000
1.000

# 19/ 28




Node
S eotnose Balsam output
Node {
id: rodec_Mixetta
rotation: Qt.quaternion(0.707107, -0.707107, 0, O)
scale.x: 100
scale.y: 100
scale.z: 100
Model {
id: rodec_Mixetta_Rodec_Casing_0
source: "meshes/rodec_Mixetta_Rodec_Casing_0.mesh"

PrincipledMaterial {

id: rodec_Casing_material

baseColorMap: Texture {
source: "maps/Rodec_Casing_Aniso_baseColor.png"
generateMipmaps: true
mipFilter: Texture.lLinear

;

opacityChannel: Material.A

metalnessMap: Texture {
source: "maps/Rodec_Casing_Aniso_metallicRoughness.png"
generateMipmaps: true
mipFilter: Texture.Linear

I

metalnessChannel: Material.B

roughnessMap: Texture {
source: '"maps/Rodec_Casing_Aniso_metallicRoughness.png"
generateMipmaps: true

mipFilter: Texture.lLinear
} # 20/ 28
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Make Balsam output interactive

g\kademy

Simplify the QML (reduce nesting etc.)

Rotatable element? convert quaternion to Euler angles
e QQuaternion::toEulerAngles() —

x Quaternion Converter ][]

M a ke MOdeIS plea ble quaternion (0.537937, 0, 0, -0.842985 Q|
euler 0,0,-114.913 Q
Add handlers to them

Make bindings to rotate, drag etc.

e DragHandler.persistentTranslation

e WheelHandler.rotation

e TapHandler.pressed

e PinchHandler.scale

e PinchHandler.persistentTranslation is missing so far

e HandlerPoint.modelPosition and worldPosition (QVector3D)

#21/28



Node <
id: rooT Rigging Balsam output
property real phonolrot: 0
property real phono2rot: 0
property real microlineRot: 0
property real tapelrot: O
property real tape2rot: 0

property real selectorRot: 0
property real microbassRot: 0

property real levelRot: 0

property real leftMeterRot: 0
property real rightMeterRot: 0

property alias phonolsliderValue: rodec_Mixetta_Rodec_Slider_Phonol.value

property alias tweakl: powerCube.position
property real tweak2

+ + + + + F + + F + + + + o+ o+ o+

=+

+
S
~

property alias rotl: rodec_Mixetta_Rodec_Knobs_Aniso_Phonol_wh.rotation
property alias rot2: rodec_Mixetta_Rodec_Knobs_Phonol_wh.rotation

+
~
e

=+

Node {
id: rootNode__gltf_orientation_matrix_
rotation: Qt.quaternion(0.707107, -0.707107, 0, 0)
@@ -115,7 +138,7 @@ Node {
e BR0855515
Vi =05 015888
Z5 0.0819
B rotation: Qt.quaternion(0.537937, 0, 0, -0.842985) #22/28
+ eulerRotation: Qt.vector3d(®, ©, -115 - rO00T.levelRot)



import QtQuick
import QtQuick3D

Pointer Handler Bindings in 3D

model QVector3D(-16.5831, -21.3649, 41.4064)
world QVector3D(-136.583, -21.3649, 441.406)

sphere @QVector3D(-120, 0, 400)

shh.hovered ? "lightsteelblue"

View3D {
Node {
id: sphere
x: dh.persistentTranslation.x - 120
y: —-dh.persistentTranslation.y
Z: 400
Model {
source: "#Sphere"
pickable: true
materials: DefaultMaterial {
diffuseColor: sth.pressed ? "blue"
Iy
TapHandler { 1id: sth }
HoverHandler { id: shh }
DragHandler { id: dh }
}
Iy
Node {
position: shh.point.worldPosition // <-- new HandlerPoint property
visible: !dh.active
Model {
source: "#Sphere"

materials: DefaultMaterial { diffuseColor: "blue" }

SEales "@.d, Bt Gl

UV QPointF(2030, 302)

model QVector3D(-50, 3.40202, -27.3152)
drag QVector2D(0, 0) world QVector3D(69.2083, -20.2942, 383.689)

pinch 1.00x, 0.0°

"beige'
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Ray Picking

import QtQuick
import QtQuick3D

import QtQuick3D.Helpers
import QtQuick3D.Particles3D

View3D {
id: view
width: 1280; height: 720; y: 100
camera: camera

environment: SceneEnvironment {
backgroundMode: SceneEnvironment.SkyBox
lightProbe: Texture { source: "maps/OpenfootageNET_lowerAustria0l-1024.hdr" }
probeExposure: 2

}

DirectionalLight { eulerRotation.x: -90; shadowFactor: 100 }

Node {

id: character

position: "200; 3068, -5

eulerRotation.y: -60

SimpleSpaceship {}

Node {
id: ray
property int length: 0
property real scaleWidth: length ? 0.07 : 0.04
scale: Qt.vector3d(scaleWidth, scaleWidth, length ? length/100 : 50.0)
Model {

Zs =50¢ eulerRotat1on b S 210

aaa - e

#2428



Stuff left to work on

ﬁ\kademy‘g

Convert 2D mouse deltas to 3D deltas (e.qg. for dragging)

Consensus that we can really use handlers in 3D

Handlers in 3D don't break Designer

Hover bugs
Picking bugs (?)
WasdController stealing events

Controls stealing events
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Suggestions for the community

ﬁ\kademy“g

e Play with it!
e [magine new use cases

e Design standard toolbar icons for 3D applications
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Other demo videos

. 7
Akademy ‘g
e Hackathon spaceship: https://d.tube/#!/v/ecloud/
QMmW)JVDywsnaK8WCFTb8bMLUWEKmMxvfBQVwW8G3ATepbGhgB

e Digital assistant: https://d.tube/#!/v/ecloud/
QMVATRbK6pDpwXwS1sTfUagpVCtdGyelveomgonfvYTDGF
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Akademyﬁ

Interactive Uls in Qt Quick 3D

Shawn Rutledge
shawn.rutledge@qt.io
ecloud on #qt- labs, #qt-quick etc.

https://github.com/ecloud/qtquick3d-input-demo

https://github.com/ecloud/qgt-presentations : gtquick3d-
interactive-ui branch
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