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1he Project Definition

x Overall objective: Do something neat and new.

x Build hardware to enable multi-touch (MT) input to a
computer system.

® Develop software to use this hardware in a novel way.

x Refinement: Create task-management software to
use multi-touch
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Getting it done...

LLots of sawdust; plenty of error messages



Haraware Deliveraples

x Multi-touch displays capable of also supporting a
“standard” workstation

= “MT Mini” temporary test device
® Desk #1 - Projected Rear Dl - complete

x Desk #2 - LCD Laser Light Plane - lasers arrived on
Monday...



Software Deliverables

® rp-mt-scripts - Multi-touch software system

x | Inux-based (Ubuntu 9.04) system for automatic
setup and management of multi-touch software

® Now installing required software a one-step process

® tactus-navigator - “Nav display” task manager

x Replacement for task bar

x Places icons for current applications on M

display



What’s up with multi-touch®

x Keypboard
x Nouse
® [ouchscreen

x Multi-touch tablets/screens



Source Properties
| CAMERA SETTINGS (V)

|  FLIP VERTICAL (J)

| FLIF HORIZONTAL (H)

GPU Properties

| GPU MODE (@)

Communication

| sEnD TUIO (T)

Calibration

| ENTER CALIERATION (C)

Source Image Tracked Image

USE CAMERA FREVIOUS CAMERA NEXT CAMERA SHOW OUTLINES (0) SHOW DS (1)

files

| sAVE SETTINGS (S5)

THRESHOLD (ARAZ): 4S

3

USE VIDEO

DSP Milliseconds: 17

Camera Res: 320 x 240
Camera FPS: 23

Sending TUIO messages to:
Host: 127.0.0.1
Port: 3333

Background Smooth Highpass Amplify

REMOVE EG (E) SMOOTH: & ELUR: 45 AMPLIFY: 10

Optical multi-touch sensing

Blob - tracking tharough: computer vision




,,,,/JJJJqJJJJJJ
JJJJJJ

"YYYYYYYTYYY

Y YY Y YYYYS .
__::::.jij“JJmfﬁ
YY"

r

‘JqquJJJJJJJJJuqu

Y YYYYYYYY Y
..,JJJJJJJJJJJ

,411411JJJJJJ

OOK JJJJJJJJJJ

RO 20
‘.,,Jppg.qdd fﬁxmwﬂ
YT
Y YYYYYYYYY N
™ ,,;JJJJJJJJJ
YT JJJJJ
_,,,,/JJJJJ
M..‘._jJJJJJJJJ

mmwﬂx,, A
=" v A AN A AN A JdJJJ Ju%fﬁ /JJ
5

I

v

L]

Permits'm

X

,_......,,JJJJJNJ. MJJ
RERekheeeeee fgfwfwfufuf m AAA

__._..,d,,JJJJJJJJJJJ

o
ot D

.
“

v

-

et

ho

EE

Jqquu

|J|M|4 —— ...

xMM%VWNdeJJJHMyJ

T
o0

2AAL AR L)

.JH.J.J.J.J.J.J“,

N Jv w 4- 1 JJJ/J//J./
NJ.JWJJ dJqug fff.,,_.

1 0 0000000000000
Sesssssssnne
...JJJJJJJJ,,,_.__

2EREEEEAEEI )
OOOOOOO000000000
sessssssee
fd“fﬂ../f.
. YY"y 44.‘.44J4,_

YT I I T I

displays:

y 00 oo
SJJJJJJJJJJ
NI

. AR IR L)
ISP eeseseeee
.““quJJJJJJJJ

JJJJJJJ;J
JJ/;JJ;/J

NENSENANENEESY

-

.

v N T rF TP

I

411411144,
AAAAAAIIII)

J

tablets:

Ty ™m



N
) R Laser Riaser
Acrylic/Glass +tine Lens sine Lens

Diffuser
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Compliant Layer

Acrylic - 8-10mm

iffuser
3 : Webcam
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Table design principles

10071 waysto-make a multi-touch screen




Source Image Tracked Image
USE CAMERA PREVIOUS Ci NEXT CAMERA SHO! OUTLINES (0)

USE VIDEO THRESHOLD (R/Z): HS

N

Background Smooth Highpass Amplify

REMOVE EG (E) ELUR: 4S

Eal T

AMPLIFY: 10
DYNAMIC SUBTRACT

- ST ISR

33 v‘:’ 4 ‘; ; “; i — ‘. 3
40 die .13 g'i : i '

NOISE: 4

e

Revision O: "M1 Mini”

Software test plattorm, works by *

front

|”
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Diffuser

Rear aiffused ilumination

“Projected rear DI chosen for first hardware
revision
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Tracked Image

Source Properties
| cAMERA SETTINGS (V)
 |FuP vERTICAL (V)

~ |FUP HORIZONTAL (H)

GPU Properties
~ |aPuU MoDE (3)
9 o
& 252757 Communication
“ 2756 ' ~ |sEND TUID (T)
id: 2761 id: 2710

Calibration

_]ENTER CALIBRATION (C)
Source Image Tracked Image

USE CAMERA FREVIOUS CAMERA NEXT CAMERA SHOW OUTLINES (0) SHOW 1IDS (1)

: files
USE VIDEO THRESHOLD (A-Z): &
| | sAVE SETTINGS (S)

DSP Milliseconds: 8

Camera Res: 320 x 240
Camera FPS: 31

Sending TUIO messages to:
Host: 127.0.0.1

Background Smooth Highpass Amplify Port: 3333

B

REMOVE EG (E) SMOOTH: 2 ELUR: 7 AMPLIFY :

DYNAMIC SUEBTRACT [_,l I_I



L aser light plane (LLP)

L C

B

P Slow: shipping IS disappointing...




while gtk.events pending():
The Magic Window
Tactus Project - Basic Window Manip

Restore Selected Pile

O Originally Minimized

<enum WNCR

Not Minimized, pile 1: DrPython - /home/ryan/src/cs460/tactus/py/demomain.py
<enum WNCK_WINDOW_NORMAL of type WnckWindowType >

Minimized, pile 0: pydoc

<enum WNCK_WINDOW_NORMAL of type WnckWindowType >

Not Minimized, pile 1: /home/ryan/src/cs460/tactus - Giggle

<enum WNCK_WINDOW_NORMAL of type WnckWindowType >

Not Minimized, pile 1: tactus - File Browser

<enum WNCK_WINDOW_NORMAL of type WnckWindowType >

Not Minimized. pile 1: py - File Browser

<enum WNCK_WINDOW_NORMAL of type WnckWindowType >

Not Minimized, pile 1: Frequently Asked Questions / Usage tips for PyLint - Mozilla Firefox
<enum WNCK_WINDOW_NORMAL of type WnckWindowType >

Not Minimized, pile 1: site-packages - Fle Browser

<enum WNCK_WINDOW_NORMAL of type WnckWindowType >

Not Minimized, pile 1: demomain.glade

<enum WNCK_WINDOW_NORMAL of type WnckWindowType >

Not Mmlmlzed plle 1 _pylintrc (~l gedlt

Software

Doing work with-multi=touch, without throwing
out your kKeyboard or mouse




Navigation aisplay

x Multi-touch surface as secondary.display
® Enhance interaction with:existing software

x Requires a custom desk for both multi-touch /O and
normal 17O



Multi-touch A
Nav Dlsplay

Physical
L ayout

“Normal” desk Wlth
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Navigation display
S

x Replaces your taskbar,
dock, etc.

x Horizontal multi-touch
screen

® Supports a variety of
gestures
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Minimize all current windows

Drag from:current display™ bar into “pile canvas”
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Restore a “window pile”

Drag from:“pile canvas’ Into “current display” bar




Move window to new “pile’

Drag a single-window: between piles, possibly
expanding first It you find it helpful




Spread out a “pile”

Drag a single-window: between piles, possibly
expanding first It you find it helpful
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Please feel free 1o ask guestions, etc...
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INside tour of the desk

Saving you:the trouble of sticking your head In
confined spaces




B Vet e Sk Bk Gk O oew o

Hardware Tour

IR Hldmination:powered by computer power
supply, and looks neat




louch recognition

toeta providing:blob tracking and calibration



Obhgatow photo demo

Can’t build-a multiztouch system without trying
this demo...
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Process

x Research/Comparison
x |nteraction Design

x Parallel Platform Development:

» Hardware Construction

x Software platforms (task nav. with no interface, rp-
Mt-scripts)

® [ntegration



Strategies

® |nternet resources: nuigroup.com forums,; etc
x DIY MT Is popular right now

x Use existing components where possible

x Avoid re-inventing the wheel when you can do just as
well without doing so.

x Careful design consideration and comparison of
alternatives



Knowledge

x Object-oriented programming - GS core
® | ots of polymorphism and multiple inheritance
x | inux skills, shell scripting = CS370 (Operating Systems)

x Python programming language

x Event programming = PyMT/Pyglet and GTK+ (to build
test interface to window manager) event systems

®x Open-source dev techniques - version control, etc.



Advice

® Hardware always takes time

x \ake bold decisions - be wary: of the paradox of
choice

x [Jse version control software - git and github.com
x Build on open platforms when possible

® the “shoulders of giants”™ principle



Difficulties and scope
control...

® Plle interaction there but disabled for demo
x Auto-clustering algorithms designed but not coded
x Ordering and shipping delays slowed construction

® [ransportation to demos led to hardware damage



Extensions

x |mplement other gestures planned and more
x User interaction/efficiency: studies

x Add launcher functionality



3 *TTYTYTYY
™ )
VY Y'Y C/fﬂ.fffffffffffff// Y'Y

.VJul,JJJJJJJJJJJJJJJJJJJJg“.“,g‘
L

) 444444444444l/;44;;4

RN .,.,,,., Y'Yy Jffﬂ“ fffu ﬂffJ Hfﬂﬂl,fﬂfﬂfu ,Jﬂfﬂ./,/ '
,J,.,,,_JJJJJJJJJJ.JJJJJJJW NN NN Y Y Y Y Y Y 'S
'Y 3 3 Pe S *3)
:::::.Vuuuvuwu‘#ujﬁff JJ HJJJ.UJ Judufu::::::

@)
)
-

D

C

p i

D
)

G}

C

qV)

O
N O
S

Y5

:

3 .},GO, ge
create this technology

Y'Y Y Y Y Y Y Y NY Y NY N
Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y
I YT YT Ty

1000000000000 000000000
,141//‘144444/444///

“JJJJJJJJJJJ

TITIFTFYyYyNY"




Acknowledgements:
Presentation

= 3d Images of multi-touch techniques: Nolan, from PeauProductions.org
and NUI Group Forums

x Schematics and samples for techniques: Seth (cerupcat) from NUI
Group Forums

x [ouch gesture images, from the Designing Gestural Interfaces book by
Dan Saffer, drawings by Rachel Glaves:
DesigningGesturallnterfaces.com
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