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Class Summary

Autodesk Research's Project Dasher 360 is a building performance management tool that
displays historical and real-time sensor data inside a building model. In this session, we’'ll take a
close look at how the Forge platform has been used to implement the Dasher 360 project,
leading to a multi-year desktop development project being largely re-created for the web in a
matter of months. We’ll pay particular attention to the techniques used to contextualize sensor
data within intelligent models displayed via the web, explaining the implementation details of
reusable Forge Viewer extensions created using JavaScript.



About the speaker

Kean Walmsley | @keanw | keanw.com

Kean works for Autodesk Research as a Platform Architect and
Evangelist, focusing on the intersection of BIM with 0T and a
little VR/MR. He has worked for Autodesk in a number of roles
and in a number of different countries — he’s currently based in
Switzerland — and spends a significant amount of time
engaging with Autodesk’s developer community via his popular

programming-oriented blog, “Through the Interface”.
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History of Project Dasher




Project Dasher Desktop

Project Dasher began in 2009 as a research project to develop visualization and analytics tools
for building operations data in the context of Building Information Models

As-Built BIM Building Data _ Pro_ject Dasher
i ‘ Building management systems (BMS) r— A wsuahzaﬂo_n to hglp customers
Highly detailed AEC models
o and loT enabled sensors for operations ] understand their data in context of the

and management data collection 3D model and debug operational issues






Migrating to Dasher 360

JavasScript, TypeScript, CSS, HTML, GLSL Shaders

Pimsn

C++, GLSL Shaders
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s use of Forge

Dasher 360’
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Forge Examples ﬁggggESK

[

https://qgithub.com/Autodesk-Forge

* model.derivative-nodejs-sample _

forge-apis EZ

Forge Node.js SDK rxmmm

= Demo: https://derivatives.autodesk.io

Overview

= forge-rcdb.nodejs

= Demo: https://forge-rcdb.autodesk.io

https://www.npmis.com/package/forge-apis



https://github.com/Autodesk-Forge
https://derivatives.autodesk.io
https://forge-rcdb.autodesk.io/
https://www.npmjs.com/package/forge-apis
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Data Management

Data Management

& Dasher 360 x
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Siman Breslav Project Admin
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revit file with test survey typ... Simon Breslav Sep 27,2017
9 Hali Lersen
Ioreen@aun
@ simon Breslav s robotArmGameExport.fox Simon Ereslav Sep5.2017 fallfarsen@eutodesk.com
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revit file with test survey type_converted v3.nwc <
robotArmGameExpert.fox
robotArmH.fbx

Customers

210 King St. €

Grenoble 38TEC Building
FusionTest

Moebius

PHP

View and Manage Members




Data Management: Examples

Data Management

Model Derivative API - Basic Node.js Sample

.
h " h m A k I r Show the entire list of & Hubs, El Projects, Folders, #8 [tems and O Versions under your account.
L] I u n u = Select an item version to show a file using Autodesk Viewer

Retrieved hierarchv

. . . [ Moebius B Model -
= model.derivative-nodejs-sample
[E Customers W B ceilings
[ FusienTest i@ B Compound Ceiing
[ TestRevit = B 600 x 600mm Grid
. . . o TestRevit i [] B Furred Ceiling
= Demo: https://derivatives.autodesk.io
. : . N & msh_conveyor_belt fbx [] B Curtain Panels
== msh_robot_arm.fbx -] B Curtain Wall Mullions
# msh_robot_arm_extensio ] ® Doors

@ msh_wheel_railing.fox
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Analytical Properties
Construction
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= Demo: https://forge-rcdb.autodesk.io
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https://github.com/Autodesk-Forge
https://derivatives.autodesk.io
https://forge-rcdb.autodesk.io/

Model Derivative: Example

https://github.com/Autodesk-Forge

models.autodesk.io

Demo: https://models.autodesk.io

View sources on GitHub @

Large Model Viewer - View & Data API

Just choose a model to upload on your account, or upload your own model.

Load Models on your account

Choose one of the model examples below,

samples:
Chair v Translate this one for me

or upload your own model.

0 Please note that your uploaded models are not visible for others. The list is saved into a cockie and will be removed from the list once you leave this session.
Available Models on your account

List of translated models on your account loaded through that web site, during this session

Currently translating...

Ready:

Chair.dwg dXJuOmFkc2sub2JqZWNOCzpycy5vYmplY3Q6bWOKZWwyMDE1LTAZL TEYLTEOL T

A Remember to save these urn by copying them before closing your session, otherwise you will Iose the reference to your translated files

This is the token returned by the Autodesk View & Data API serve

0 The Access Token is currently saved into a cookie for the duration of your session and will expire in about 30 minutes.

Access Token:

SFMZJTefFmTENWQX7D1519UDT7sa Release the Access Token

Minutes Seconds
L]
[]

Model as a Service, Accelerating Hackathons!

@Autodesk Developer Network

\ /3

Model
Derivative


https://github.com/Autodesk-Forge/models.autodesk.io
https://models.autodesk.io/
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Navigation extensions (demo)
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Creating a vertical toolbar extension for the Autodesk viewer
http://keanw.com/2016/05/creating-a-vertical-toolbar-extension-for-the-autodesk-viewer.html



http://through-the-interface.typepad.com/through_the_interface/2016/05/creating-a-vertical-toolbar-extension-for-the-autodesk-viewer.html

Breadcrumbs: Floor & Room Navigation

= Breadcrumb navigation widget

* Floor and room hierarchy

= Combination of settings and property parsing

"SIXTH FLOOR" 6 "6th Floor"
"FIFTH FLOOR" 5 "5th Floor"
"LEVEL 4 FLR. FIN.", "FOURTH FLOOR" 4 "4th Floor"
"LEVEL 3 FLR. FIN.", "THIRD FLOOR" 3 "3rd Floor"
"LEVEL 2 FLR. FIN." 2 "2nd Floor"
"LEVEL 1 FLR. FIN." 1 "1st Floor"

"Ground Level" (7} "Ground Floor"




Breadcrumbs: Floor & Room Navigation

= Breadcrumb navigation widget
* Floor and room hierarchy
= Combination of settings and property parsing

= See Meta Properties demo on https://forge-

rcdb.autodesk.io



https://forge-rcdb.autodesk.io

Breadcrumbs: Future Work: Geometric Analysis

A romiae
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Wall Analyzer Demo!

£\ Forge |RCDB x

SitmERm - X

ey =y < Cc 0 \ @ Secure | https://forge-rcdb.autodeskio/configurator?id=5927513668713853a9c4d8 10

«| @

sAUTODESK‘FDRGE Home  Demos  Gallery

- Simon Breslav About ...

Wall Analyzer

Select an item to isolate walls or floor on this level:

[O Level 6
[O Level 5
’O Level 4
[O Level 3
[O Level 2

[ Level 1

& report.json

& report.json

& report.json

& report.json

& report.json

& report.json

Enable wireframe:

https://forge-rcdb.autodesk.io



https://forge-rcdb.autodesk.io

Breadcrumbs: Floor & Room Navigation

= Breadcrumb navigation widget

* Floor and room hierarchy

viewer.select(dbId)
viewer.clearSelection()

= Selection highlight

= Uses room geometries




Breadcrumbs: Floor & Room Navigation

R . = Breadcrumb navigation widget
| * Floor and room hierarchy
= Selection highlight

= Uses room geometries

= Avoids building redraw by using overlays

= WARNING: Undocumented API, use at own risk!

let new THREE.MeshBasicMaterial
Ox6e98ee
true
0.5
false
false
"CustomSelection’
let this
let new THREE.Mesh
'CustomSelection’

false, false, true




Building Navigation List
Autodesk.Viewing.UI.Tree
Autodesk.Viewing.UI.TreeDelegate
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Building Navigation List

e Autodesk.Viewing.UI.Tree

< C 0 @& Secure | https://www.dasher360.com/viewer/dXJuOmFkc2sud2lwcHIvZDpmeySmaWxIOnZmLkZGNjh5eDNIVHYtVGRKTnM3W]YxcFE_dmVyc2lvbjox

. Autodesk.Viewing.UI.TreeDelegate

https://github.com/mar10/fancytree
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https://github.com/mar10/fancytree

Sensor & View Bookmark Dashboard
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Sensor & View Bookmark Dashboard

GRIDSTACK.JS DEMO USAGE ISSUES  FORK ME ON GITHUB

GRIDSTACK.JS

gridstack js is a jQuery plugin for widget layoul. This is drag-and-drop multi-column grid. It aliows you fo build draggable
responsive bootstrap v3 friendly iayouts. It aiso works great with knockout js and touch devices.

Inspired by gridster js. Built with love.

http://gridstackis.com

getScreenShotBuffer
getState

restoreState

& Dasher 360 X\ ¢\ Overview | Viewer |Autc X )/ #\ Forge |RCDB x
<« C (| @ secure | httpsy/forge-redb.autodesk.io/configurator % @ :
’ AUTODESK FORGE Home Demos Gallery « Simon Breslav About

A A— ‘
S Koo ScreenShot Manager
[B) wan o | 108 xegrion) | 655 A panel illustrating the use of viewer.getScreenShot APL: take =
screenshots of the desired size and save them to disk by clicking
‘ wonuyoszowoonesc @ [ on the thumbnail,

Vo iy G 257 130554 508

L ] L)l

.uqnuaymzom‘.musw-m ¥ ‘
— T

- s Selection Filter

A custom TreeView component that controls selectability of the
model entities. Toggle each switch in the tree to enable/disable
selectability of the component: disabling a parent component
will automatically disable all children. The TreeView is
implemented in plain JavaScript manipulating the DOM API but
each node content is rendered by React

Selection Window

Custom Selection Window Extension: select components visually
using a 2D selection window defined on the screen.

Y il

https://forge-rcdb.utodeskio/configurator?id=38de30512112292a89910671



http://gridstackjs.com

Sensor extensions (demo)




Sensor List

& Dasher 360 X

< C 0 | ® forgetest.autodesk.com:5000/viewer/dXJuOmFkc2sud2iwcHIvZDpmcy5maWxiOnZmLkSvRmdWWIoTUWpTUIVXTFpjVDhSOUE_dmVyc2lv

v\ DASHER 360 Proiects & 210 Kinest. P

SENSOR LIST

4 210 King St Historical (944) 4 210_King R2017_Publc_DEMO.mme |
4 Model Sensors (282) %

(C)

4 5019-SensorBoard (8)

» Structural Columns

» Structural Framing

» Walls

» Windows
All-Ground Level
BLDG 4- LEVEL 1 FLR FIN.
BLDG 12.3- LEVEL 1 FLR_FIN.
BLDG 4- LEVEL 2 FLR. FIN.
BLDG 1.2.3-LEVEL 2FLR.FIN.
BLDG 4- LEVEL 3 FLR. FIN.
3- THIRD FLOOR

BLDG 4- LEVEL 4 FLR. FIN.

m s 0 » 0 €0

4- FOURTH FLOOR =

50198-Temperature
T.O. ROOF BLDG 4

4 5053-SensorBoard (9) 5- FIFTH FLOOR
Upper Deck Landi

5053-Temperature
6- SIXTH FLOOR

)

Sun1
October 2017




Sensor List: Placing Sensors

viewer.clientToWorld(clientX, clientY, ignoreTransparent)
viewer.clientToWorld(event.canvasX, event.canvasY, false);



Sensor Dots

|
« c www.dasher360.com

Sensor Dots were originally SVG elements
& DASHER 360 # 210kngst »

®® 0  opasheraso x

= Easy to animate

PhidgetinterfaceKit-157075-826-1-3

Easy to make interactive (hover, click)

» Tracks camera movements

= |oT Example: https://forge-rcdb.autodesk.io

£\ Forge | RCDR x Fwaan &
= C () | & Secure | https//forge-rcdb.autodesk.io/configurator 7id: 134 4 %l ®
@ AUTODESK'FORGE  Home  Demos  Gallery

Incidents.

#326441

#643221

ToT

An Internet of Things sampl
integrate a digital model wil
equipment, In that demo the fir
returning fake data generated on the fly, it can b
with a fifth sensor that disp

hat illustrates the possibilities to

the athers. Once a sensor
15 selected, the graphs will sho data seat by that
semsos representing current temperature, luminosity and
scceleration,

4p 20 APL: create and save
ing SVG data from the markups
e at your will of replayed in

0

Meta Properties

Create, modify and delete custom meta-properties at willl
Simply select a component In the viewer and use Add Meta
Property’ from the right-click context menu, The custom meta-
properties will appear in the panel aloy native model
proper they can be edited, Plain Text, Link & File
orop are ayailal

&



https://forge-rcdb.autodesk.io

Sensor Dots: Particle System/Point Cloud

https://threejs.orqg/

WARNING: Check which version of three.js the Viewer
IS using, old three.js releases are available on GitHub
https://threejs.org/examples/#webgl_interactive points

https://qgithub.com/mrdoob/three.js/releases/tag/r71

* Release has the docs and examples!


https://threejs.org/examples/#webgl_interactive_points
https://github.com/mrdoob/three.js/releases/tag/r71
https://threejs.org/

Sensor Dots: Particle System/Point Cloud

{\ Forge | RCDB x

€ 9 C (| @ Secure | httpsy/forge-redb.autodesk.io/configurator

@ AUTODESK FORGE  wome  pemos  Gallery

- Simon Breslav About

Particle System

A custom 3D particle system wntten in JavaScript integrated
with the Forge Viewer. Have fun tweaking the parameters of the
emitters and magnetic fields to see the effect on the spinning

particlest ) \ ‘ . / I\ Forge |RCDB x \77

€ 5 C O [@ Secure | hip: db.autodeski =

el

. AUTODESK' FORGE Home Demos Gallery « Simon Breslav About ...

~ S
. .

59.8 {\ Farticle Controls

-

Live physics simulation in the browser! An integration of . . . " Particle System Settings
AMMO,s (an ASM,js emscripten port of Bullet Physics C+ P _
library) with the Forge Viewer. Probably the fanciest sample on 5 Max Parficles 50000
that gallery, check it out now if you haven't seen it yet! A . . Tool Mesh v

Plant Factory

A large plant factory model integrated with D3 graphs and data
.~ tables representing visually some of the available model
companent properties.

https://forge-rcdb.autodesk.io



https://forge-rcdb.autodesk.io

Tooltips & Touch

vdn 624
/share/HyNTrmiMg

&( DASHER 360  # 210Kingst. »

http://lamceeqge.qgithub.io/tooltipster

Handling both mouse and touch events in Forge viewer applications

http://keanw.com/2017/04/handling-both-mouse-and-touch-events-in-forge-viewer-applications.htmi



http://iamceege.github.io/tooltipster
http://through-the-interface.typepad.com/through_the_interface/2017/04/handling-both-mouse-and-touch-events-in-forge-viewer-applications.html

Charts

& DASHER 360 [ Dashboard #t Pier9 b Mezzanine b 7 & Haitarsen -
! a
PI-PIERS-BRIDGE-ENV-CAM-1-HUMIDITY (HUMIDITY)

@ pi-pierd-bridge-env-cam-1-Humidit

PI-PIERS-BRIDGE-ENV-CAM-1-MOTION (MOVEMENT)

o pi-pier9-bridge-env-cam-1-Motion !

Downioad  Snowcmo  Connbute Licorso

' Intecastes

fon fibrary. The lirary is designed to be easy fo use, o handie large amount=Yy
lation of and interaction with the data. The ibrary consists of the components DataNeet,
imeline, Network, Graph2d and Graph3d.

Network

Graph2d

D raghs a0 bt cats onan
tmeine an personlz t he way

et

Graph3d DataSet

Graphad Examples

All examples

http://visjs.orq



http://visjs.org

Charts: Splash

https://autodeskresearch.com/publications/splash

Data is retrieved and loaded a various levels of detail to
enable fluid pan and zoom navigation


https://autodeskresearch.com/publications/splash

Sensor extensions |l (demo)




Surface Shading / Heatmap
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Surface Shading / Heatmap

{\ Forge |RCDB x

& > C )| @ Secure | hitps//forge-redb.autodesk.io/configurator

©) AUTODESK'FORGE  Home  Demos  Gallery

« Simon Breslav About ...

O LHE ILEM115 (U LUYYLE LiE CALCHSIUNS UV OF UT 1. Latil SALCHSION

script is dynamically requested from the server first time is has 4
Forge Fader ‘( to be loaded, illustrating advanced feature managementin a
Markup 30 large real-world Web Application. You can choose below
Meta Properties | between Custom Extensions (various demo e?(tensxons from FPD
Wodel Loader | Team) and Native Extensions (Official extensions provided along "
Madel Transformer E Forge Viewer API). \

——

{\ Forge | RCDB x

< c O ‘ @ Secure | https://forge-rcdb.autodesk.io/configurator?id=59041f250007f5c0eef482f2 {7‘ ® :

© AUTODESK FORGE

Home

Demos Gallery

« Simon Breslav About

Model: Custom Extensions v

Forge Fader

Forge Fader is a WiFi signal attenuation simulator: user can pick
the position of the router on the floor and the signal strength
will be represented by a custom shader on the surface. The
signal strength is computed based on the attenuation in air and
per wall depending the distance and number of walls between
the position and the signal source. Parameters can be modified
by user and we also included a cool 'dynamic' mode ...

IoT

An Internet of Things sample that illustrates the possibilities to
integrate a digital model with physical sensors installed on real
equipment. In that demo the first four sensors in the list are
returning fake data generated on the fly, it can be connected
with a fifth sensor that displays along the others. Once a sensor
is selected, the graphs will show realtime data sent by that
sensor rep! current and
acceleration.
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Surface Shading: Inverse distance weighting

Shepard's interpolation in 1 dimension; p=2

& ® Samples
— 1DW

2.0

18

1lef

1.4

12

Lok

» |nverse Distance Weighting (A.K.A Shepard's method)

= https://en.wikipedia.org/wiki/Inverse distance weighting

= Shepard, Donald (1968). "A two-dimensional interpolation function for irregularly-spaced
data". Proceedings of the 1968 ACM National Conference. pp. 517-524.

Lots of other methods to interpolate values:
https://en.wikipedia.org/wiki/Multivariate interpolation



https://en.wikipedia.org/wiki/Inverse_distance_weighting
https://en.wikipedia.org/wiki/Association_for_Computing_Machinery
https://en.wikipedia.org/wiki/Multivariate_interpolation
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Surface Shading: Inverse distance weighting
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4 Shader Inputs
adefine SENSOR_CONT 20
sdefine EOGE 0.001

sdefine SAOOTH 0.0025
sdetine P 3.0

vee3 sensors|SENSOR_COUNT

vec gragient( flost t

vecd ¢4 = vec3(9.899, 0,101, 9.109

vecd c3 - vec3(9.992, 0.552, 9235
96, 0.8, 0.360

1., 0.698

loat step: 66
Float steph = 1.9,

vee3 color = wixict, @
color = mix(color, 3, smoothstepstep?
olor = mix(color, cd, smoothstep!step3

sncothstep(stepl, step2. t

step3, t
stepd. t

flost SOFCircle( in vec? coords, in vec2 offset

coords.x + coords
coords x, 2.0 * c

f10at Random(float x

return fract(sin(x * 123.356) * 23.4567 + sin(x * 395.675)

void setupsensars  Float aspectRatio
for (n < SENSOR,

t 4=0; { i

ors (4] = vec3(Random(float(i) * 2

y
oord

* coords.y - EOGEEDGE
5y

* 55,6789 « sin(x * 456.789

v

“aspectRatio, Random(float(1) * 3.), sin(floa
Sensors| SENSOR_COUNT-1] = vee3( iMouse iouse
flo8t I0M(vee2 frogPos.
flost resalt
ot sum, usum = 0.0,
bool found = false
for (int i
»
iChannel0 iChannel1 ichannel2

* 56789

t(h) * iTime + .1
sin(Float (SENSOR_COUNT

1850 chars

* iTine

by Beautypi

https://www.shadertoy.com/view/MtjczR

GLSL

else
return

return


https://www.shadertoy.com/view/MtjczR

Timeline: visjs.org

rL,

@ visjs - A dynamic, brows: X

¢ 0 [0 visorg/in

dynamiciasten

visjs Modules = Download  Showcase

Contribute  License

Toteveste

ANdynamicabrowsenbasediVisuaization library. The library is designed to be easy to use, to handle large amounts\®f

imeline, Network, Graph2d and Graph3d. G

Network

Display dynamic, automatically organised,
customizable network views

View examples »

-

y

Graph3d

Create interactive, animated 3d graphs.
Surfaces, lines, dots and block styling out of
the box.

View examples »

View docs »

Timeline

Create a fully customizable, interactive
timeline with items and ranges.

View examples »

DataSet

Manage unstructured data using DataSet.
Add, update, and remove data, and listen for
changes in the data.

gioenableimaniPulation of and interaction with the data. The library consists of the components DataSet,

Graph2d

Draw graphs and bar charts on an interactive
timeline and personalize it the way you want

View examples »

for feople to o)
mprove VISJ.', Ip

Click heyg

[ Q Treinetamples X

€« C 0 O visjsorg.

Modules ~ Download  Showcase

Contribute  License

This page &

View docs.

basic usage

interaction

Timeline Examples

examples which show how 1o use Timeline. For the documentation, please click the button below
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Kiosk Mode

Designed for when you want to leave Dasher 360 in “demo mode”
= For instance on a large screen in your building lobby
Displays a fake cursor to simulate the operation of Dasher 360
Loops through various Dasher 360 features, interruptable by mouse or touch input
Functional for any screen configuration, view- and model-independent

Easily extensible

<) <)
2 2
© ©
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L4 ] (4
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Kiosk Mode

Implementing a demo mode inside the Forge viewer — Part 1

= http://keanw.com/2017/03/implementing-a-demo-mode-inside-the-forge-viewer-part-1.htmi

Implementing a demo mode inside the Forge viewer — Part 2

= http:/keanw.com/2017/03/implementing-a-demo-mode-inside-the-forge-viewer-part-2.htmi

Implementing a demo mode inside the Forge viewer — Part 3

= http://keanw.com/2017/03/implementing-a-demo-mode-inside-the-forge-viewer-part-3.html
Uses a fake cursor
The various extensions define their areas of interest

= Location of on/off button

= Interesting locations where cursor should visit plus actions to perform on hover, click and unhover


http://through-the-interface.typepad.com/through_the_interface/2017/03/implementing-a-demo-mode-inside-the-forge-viewer-part-1.html
http://through-the-interface.typepad.com/through_the_interface/2017/03/implementing-a-demo-mode-inside-the-forge-viewer-part-2.html
http://through-the-interface.typepad.com/through_the_interface/2017/03/implementing-a-demo-mode-inside-the-forge-viewer-part-3.html

What's next for Dasher?




Campus and City Views
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Forge NextGen

« The Forge team is providing a set of “next generation” services...

«  HFDM G
« App Framework } Jey!
* Agood fit for dealing with “dynamic” data? & - 8 S
- Models that move or change, over time ™ b —
e Sensors that change location, over time /

App

* Needed for dealing with construction and factory use-cases
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Conclusions

Forge helped us move a complex desktop application to the web

e It was both easy and fun!

Lots of existing examples were available as references

We used various, off-the-shelf JavaScript libraries in addition to Forge

Viewer extensions allowed us to create separate (but sometimes connected) features

« These can be combined to create versions with different capabilities



Kiosk mode, Q&A
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