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Infroduction

« Space Scale Cube (SSC) model: vario-scale geographical data
structure. Non-redundant geometric data for different level of details.

* Viewport acts as a cameraq; only chunks intersecting with viewport will
be transferred to GPU.

« Develop a web service fo reveal geometry change against massive
user actions with large dataset.

) camera plane

(a) The classic SsC. (b) The smooth SsC. (c) Concept of rendering of SSC



Problem statement

Ultimate goal:

Web service pursues fluent performance and fast responsiveness
Large datasets: 9km x 9km dataset > 40 MB (one chunk)

Limited bandwidth - Long data transmission time

Poor decoding capability (parse text based data) of Javascript

Implement a web-based service along with its preprocessor that:

Performs well with large datasets;

Enables fast and smart data transmissions;

Eliminates decoding fime through direct GPU uploads;
Minimizes the number of HTTP requests by reusing memory slofs.

[
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(a) Concept of smart data fetching, anti-reloading, and reusing memory slots



What is the architecture of web service? What are the possible data
format and serialization method?

Preprocessing:

« Is binary format a possible arrangemente How should the text-
based source files be formatted?

- What is the size change after octree dividing (different
thresholds & allocation of triangles)?

Prototype development:
«  How should the octree structure be reflected in Javascripte

+  How to define a viewport bounding box and update it
regarding user actionse

«  What is the dynamic and light schema that prevents
repeated loading and allows reuse of memory against heavy
user actionse



Related works — WebGL rendering

GL Shader Language
« Vertex shader (manipulate vertex
position)

« Fragment shader (assign color)
« CalldrawArray

WebGL coordinate system

« Coordinates in all three axes go
from-1.01to +1.0

« [ for depth testing

y Far z plane
H (b): Near z plane

canvas 1

Near Z plane
& " « Everything above it will be cut away

Move near z plane from the top
downwards, map scale changes are

-1 revealed.
(a) WebGL coordinate system




Related works — Main memory vs. GPU memory

 Upload data to GPU memory from outside.
« Rendering is fast after data transmission.

« Data transfer is relatively slow.

Server

Float32Array [

‘" Mai N GPU
.\-KH dain memOT’."/ memary
1 l

ArrayBuffer Object WebGL buffer Object




OB] File

OB] File

v 93851.3255 463551.399 378
v 93848.358512 463548.100973 378
v 93853.1826667 463553.491 378

g1001706 13000 437 506

114803 114802 114801
114801 114804 114803

g1001704 12400 435 452

v xcoordinate y coordinate z coordinate
g Objectid Classid Lifespan min  Lifespan max
f Vertexindex1 Vertexindex2 Vertexindex 3

OBJ file data type

Color information

Class id 13000
Red Value 255
Green Value 255
Blue Value 255

OBJ file content

Color information

Dataset Number of triangles Scope (minx, minY, maxX, maxY) (RD)
Smooth sample 136 (-0.993582,0,0, 1)

Leiden 10,125 (93500, 463500, 94100, 464100)

9x9 3090.8k (182000, 308000, 191000, 317000)

Three experimental datasets



Data preprocessing concept

OBJ File

Vertice coordinates Xy z Color List
Object information  Oid class_id min_lifespan max_lifespan Class_id
vertex id index of vertices composing the triangle RGB Value

Node: struct

If length of
Node_ data = size limit

Normal Octree Dividing |

Recursively
subdivide

BBox File of Node (txt file)
Bounding box of & leaf nodes

Lower Node

for each node

If length of
MNode data = size limit
If length of
Mode_data <= size limit

Binary File
ArrayBuffer




Dividing methods: Ocitree

« Order
 Node id = binary file name
 Threshold: <5600KB & max 4 levels

z o 047 046
7 \
~
045 044
6
5 4 05 o406
0405(0404|
041 04
0401|0400 o
’ I
1 0 015 | 014
00
X o1 | o010
= o
-y

Node content:

= Root Node = Leaf Node (lowest)
+ Node.level: 0 + Node.level: int

+ Node.id: "0" + Node.id: string

+ Node.data: vector of floats + Node.data: vector of floats
+ Node.bbox: vector of floats + Node.bbox: vector of floats
+ Node.children: vector of 8 nodes + Node.children: [ ]




Allocation of triangles

« If a triangle infersects with more than one chunk BBox, it will be added
into all chunks it is infersecting with - cause redundancy
« Avoid missing geometry at chunk boundaries.

|
max X max X
min X min X
BBox min X BBox max X
BBox min X BBox max X
X A
maxy . BBoxmaxy
y y
miny
BBoxmaxy | | | ! BBoxminy
max y
miny
BBoxminy - ‘ X | = X
- 3 Z axis
Z axis — |

Lifespan min Z

BBox min Z

{ BBox max Z
Lifespan max Z ‘

6 disjoint cases




Preprocessing results

Binary formatted source data:
* One triangle - 72 bytes

x1 y1 z1 | R | G| B x2 | y2 | 22 G B | x3 vyv3 | z3| R G B
07, 03 |05|10| 0 |05, 08| 04| 0.2 0 05|07 | 03|05 0 05
12 bytes 12 bytes 12 bytes 12 bytes 12 bytes 12 bytes
(a) A slice of the binary file and the size in byte
File size:
Threshold Size Chunks < > <50KB Max Min
(MB) threshold threshold (KB) (KB)
One chunk 40 1 - - - - -
<500KB 439 400 400 0 130 484 0
. (32.5%)
(no lifespan) (9.75%) (1009%) (0%)
<500KB 239 1135 1123 12 72 526 25
(with (475% up) (99%) (1%) (6%)
lifespan)

(b) Comparison of chunk size of 9x9 dataset




Prototype framework
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Node structure at client side

+ Children =[]

List of child nodes

[rootNode00, rootNode01

= New node = Type = tree._root
+ BBox =] List of floats [-1,0,0,0, 1, 0.885833]

+ depTogo = null Oor1 1

+ intersecting = false Boolean false

+ loaded = false Boolean false

+ timestamp =[] int

+ num\ertice =[] Int 300

+ BufferObject =[] Buffer Object gl.createBuffer()

\ wer ..., TOOtNoOde07]

(a) Node content and data type

Node.prototype.addChild = function(BBox,depTogo) {
var child = new Node (BBox,depToga) ;
this.children.push(child) ;

};

function addLevel (ParentNode, Child BBoxes) {

for (var i

=0; 1 < Child BBoxes.length; i++){

ParentNode.addChild (Child BBoxes[i], Child BBoxes[i][¢]);

}

ar rootNodeO= tree. root;

var box0 = [ [-0.5,0,0,-0,0.5,0.442917, 1], [-1,0,0,-0. 5, 0. 5, 0. 442917, 0], [-0.5,0. 5, 0, -
0,1,0.442917, 11, [-1,0. 5,0, -0. 5, 1, 0. 442917, 11, [-0. 5, 0, 0. 442917, -0, 0. 5, 0. 885833, 0], [-
1,0,0.442917,-0. 5, 0. 5, 0. 885833, 0], [-0. 5, 0. 5, 0. 442917, -0, 1, 0. 885833, 1], [-

(b) Pseudo code to construct tree at client side

1,0.5,0.442917,-0.5,1,0.885833,1 1 1:
addLevel (rootNode0, box0):

(c) Aparentnode automatically generated during preprocessing




Intersection testing function

viewport BBox

Javascript Functions ) Client Node i
R - - T T~ .
' Update Viewport BBox [P Mouse up
function !

disjointness test

v

Zoom in f out

1 Call

L]
:
'
: ‘ Intersection test function ‘
'
'
'
'
I

1
1
1
1
:
Call ! H H
v ' . .
- ' FunCTlon IS CO”ed OfTer intersection = true or false
— ‘ LoadChunk function ‘ I .
| . eqach user acftion
: v :
- ' ‘ Node contents updated ‘ :
ree : ' intersection = true
traversal . e : 1
every frame " ! Updated after every | ,'
' i userinteraction ! ’
N L j et
Node i was not loaded in i —=
_________________ previous intersection test I'StepTOgO
.r’ N b T
‘ Render function ‘ 1
1
call !
l Set node.loaded == false
| RenderChunk function ‘ i.intersecting == false Recursively set evey

child node.intersection = false

Render Function is
called every frame
\ ’ Load Node i

[ —

Call intersection test function
for every child node of Node i

s

Set node.intersecting == intersection




Modified LoadChunk function

Compared with old
schema, the modified one;

takes longer to finish
loading a chunk;

stores chunk data
directly in GPU memory;

ArrayBuffer objects
cause No Main memaory
usage.

LoadChunk Function

Intersection test function

Requested Node

Node BufferObject.length = 1

Node BufferObject is empty

¥

Node. loaded = true

-——=—EeEeEeE e E e e === === .

________________________________________________________

New XMLHitpRequest

——*  Server

XMLHitpRequest

var tribuffer =
Float32Array(response)

response (bin file)

Node numVertices =
length of response/24

Node BufferObject =
gl.createBuffer()

Pass tribuffer
to buffer object

Set Node i.loaded = true

h 4

store buffer object in
MNode. bufferobjct

................

-



Modified RenderChunk function

RenderChunk Function

e e e

Compared with old schema, the

Rendering Function

e o o e o e o e o

Set up uniforms for
render method

Call RenderChunk
function

---------------

Request animation
frame

modified one:
doesn't communicate with

outside;

hence, the rendering is fast and

light;

Call render function
every frame

h

Yy

> RootNode
Recursion ©

MNode stepTogo ==

True

False ‘L

for every child i
of the node

causes only GPU memory usage.

Node = Node.children[i ]

- o e

-

-—— = = = = =

'

Mode loaded == true
&&

Mode. intersecting == frue

Fetch Node BufferObject

|

Set up generic vertex
attribute data

A J

Draw Node numVertices
vertices

™

L e e e e e e e



User actions

* Pan
1 I

' x offset

* Manipulate vertex position
+ New x coordinate =
old coordinate - xoffst (dragged distance)

zoom =1
near z plane at
z=1/zoom =1

zoom = 2
near z plane at
z=1/zoom = 0.5

Visual enlargement
coordinate * zoom

Near z plane position
= 1/zoom



Update user action parameters

Mouse Movements

Offset X & Offset Y& Zoom

Set drag = frue

old page X = e pageX

old page Y = e.page¥

original location X = current loc X
original location ¥ = current loc Y

Press left key

Every frame

Fetch e pageX and e.pageY at every pan step \/er-l-ex Sh(]der

Update current x & y location at every pan step

Update viewport BBox at every pan step

Set drag = false
Call intersection test function

'gl Position = viewmatrix * vecd(zoom *
vec3 (extent, extent, 1.0) * (vertPosition -
__________________________________________ vec3 (offsetX, offsety, 0)), 1.0);'

Zoom l

"""""""""""""""""""""" Manipulate vertex position

Release left key

:

]

! Update Zoom at every zoom step

v | Mouse Wheel Update viewport BBox at every pan step
I Call intersection test function

]

]

]

/ mouseZoom) * (e.pageX - oldPageX) ;
/ mouseZoom) * (e.pageY - oldPagey) ;

offsetX = origLocX + panStepSize * (L.
offsetY = origLocY + panStepSize * (1.

[ I ]



Viewport bounding box

(X, *+ 0.5%(1/zoom), y,, + 0.5*(1/zoom))

i
I
|
|
|
I
I
I
I
I

0.5%(1/zoom) !
———————— 4

VP centroid

Xe ¥

0.5%(1/zoom)

(X, - 0.5%(1/zoom), y,, - 0.5*(1/zoom))

minvVpP¥ =

maxvpPx
minvPY
maxvVPy

(a) Viewport Bounding Box

offsetX
offsetX
offsety¥
= offset¥Y

+ 7

.0 /mouseZoom/?” ;
.0 /mouseZoom/?” ;
.0 /mouseZoom/?” ;
0 /mouseZoom/” ;

(b) Update viewport bounding box

Viewport BBox is defined by VP
centroid & radius

It only relates to normalized
source data

Radius = 0.5/zoom
Cenftroid = (offset_X, offset_Y)



Prototype performance

« Reved| geome’rry chonge

L Y N
2 6@ ‘1
3

o w5
" h, ¢
e 2 r. 23

= -~
(a) Z value = 0.02998 (b) Z value = 0.02848 (zoom step = 0.95)

A B mma

s gradual change (zoom step = 0.95)




Prototype performance

« Accuracy

P ~
':_ 93809.801903 4163780.861145) m @
. - — CCL T
Go
.4
L
muetshuis De Burcht

(a) Coordinates obtained by prototype (b) Online map for validation (Adapted from EPSG (2017))

* No repetitive loading of chunks

Total Count Group
1 0% A e ok . No more than 8 ArrayBuffer objects;
8 0% X ArrayBuffer > ]
S64 2% & ) jsgititCode hence, no repeated loading.
7 246 22% A js:zShape
18 185 30% % Function

(c) ArrayBuffer objects of Leiden dataset



Time consumption — modified schema

60765 ms 60768 ms 60771 ms 60773 ms 60775 ms
mouseUp (main.js... Gecko Tools
checkIntersectio. .
checklntersectio...
checklntersectio. ..
checklntersectio...
loadChunk (main....

(a) A typical workflow of intersection testing, loading, and rendering (load one chunk: 50ms)

32874 ms 32978 ms 32982 ms 32985 ms 32989 ms
render (9x9.j...  Graphics input & Events  Gecko render (9x9j...
renderChunk (... renderChunk (...
renderChunk (... renderChunk (..
renderChunk (... renderChunk (...
renderChunk (... renderChunk (...

renderChunk (...

(b) Time consumption for pure tree traversal and rendering (less than 10ms)

Modified schema Old schema
Function % of time Function % of time
Gecko 45.9 RenderChunk 80.1
Graphics 33.8 Graphics 9.1
RenderChunk 5.5 Gecko 3.4
Tools 3.6 loadChunk 0.4
loadChunk 2.3 Tools 0.2

(c) Most time-consuming calls during a complete performance recording



Time consumption — local server

max €0 T TP T T T TP T TP o 5712605
mln 5?5fp5T‘m~|T]_L e 3 STOble Ond

2581 ms 2816 ms 3051 ms 3285 ms 3520 ms 3755 ms 3089 ms 4224 ms 4450 me | 5307 ms 5632 ms

DN Tz | REERIAORNRNEFFEN OO EIURERRNNON, e | WO s TN ONN O FRVOR OO s i High fos
ch... | ch. | checH. . N checkl. .
i | en.. | checkl... [l checkl. .
ch.. | | ch.. | checH. .. ] che...
o | . |I chec 0 che.,
C...
I..

(a) Javascript frame chart during 2581ms to 5632ms (Modified schema: low fps due to loading of chunks and data transmission to GPU)

ms 1600 ms 3200 ms 4800 ms 6400 ms 8000 ms ms 11200 ms 12800 ms 14400 ms 16000 ms

T s No lag caused by

r max60fps —T—wrﬁﬁﬁ'j Tmm—‘ﬁ ’I._FFYT—'—

91fps o :mms S I preeene ’rronsferring data
Gecko =mm s | o from main memory
= E to GPU memory
re..
re. ol

(b) Time consumption for pure tree traversal and rendering (Modified schema: less than 10ms)

0ms 3200 ms 6400 ms 9600 ms 12800 ms 16000 ms 19200 ms 22400 25600 ms 28800 ms 32000 ms 35200 ms 38400 ms

R T L L e B4
_ min 6.12fps 1 - e Uns.l.able
B ms 24053 ms 24112 ms 24171 ms 24229 ms 24288 ms 24347 ms 24405 ms

(c) Lags caused by data transmission result in low fps (old schema)



Time consumption — remote server

« Significantly affected by network condition;
especially when zooming out to the top of the

model.
0ms 6400 ms 12800 ms i 00 ms 5600 ms 32000 ms 38400 ms 44800 ms 51200 ms 57600 ms ‘ms 83200 ms
_“ i Wl N
—1 max 60fps f : ' ' | | e ' avg 47.331ps
1 1v1 11 "ue
_'min 3.21fps ‘_ l
20160 ms 20181 ms 20203 ms 20224 ms 20267 ms
o | checkintersection (main.js:129) | Gecko Gecko o | JIT To...

checklntersection (main.js:129)
checkIntersection (main.js:129)
checklIntersection (main.js:129)
oadChu... ch... loadChu... ch... ch...
BB B lo... To... "o | lo...
H B H BN B

(a) Relative low fps due to delay of data transmission through network (modified program with network at 6MB/s)

12800 ms 25600 ms 38400 ms 51200 ms 64000 ms 76800 ms 89600 ms 102400 m:

F i L )|r"[ll' 'm
min 9.28fps ] fid

(b) Relative higher (modified program with network at 9MB/s)



Memory consumption

Main memory usage (old schemal):

Dataset Average fps Memory at after traversal ArrayBuffer Tree Structure
loading (MB) (MB) (MB) (MB)

Sample data 57.1 2.3 4.3 0.01 (0%) 0

Leiden 58.9 4.84 5.58 0.9 (17%) 0.03

9km x 9km 39.0 5.96 238 233 (98%) 0.79

(a) General performance of three datasets at different states (old schema)

Main memory usage (Modified schema):

Stages Main memory use
Right after heavy user actions 120.34 MB
[dle the browser for 10 seconds 10.25 MB

[dle the browser for another 1 minute 6.7 MB

(b) Main memory use of the modified program at different stages



Unloading from GPU memory

Leaf Node

I
I
I
I
i
i
i
:
i
I
I
I
i
i
i
i
i
i

Y

timestamp

(last time required)

minus

&

current
timestamp

Node is not intersecting
with the current VP

&

Node. number of vertices = 0

------------------

Delete Node BufferObject
from GPU memory

|

Set Node. number of
vertices =0

(a) Unloading function

= 30 seconds

Call unload function every 15
seconds

Call LoadChunk function for
unloaded chunks if they are
once again required

Increases CPU computation



GPU memory consumption — with unloading

|GPU Core Clock ~ | 4s00mmz |

|GPUMemory Clock v | s000MH: p——

|GPU Temperatre v TR R —

|GPU Power - | 01w | ] 69MB

|GPULoat T il Stage 1: GPU memory use at the
[Memory Usage * | 169MB |

initial loading of the page

|GPU Core Clock 4500 MHz |

SO0 ——
LT ——

- |
- |
- |
|GPUPower - | 01w |
|GPULoad - | 58% 462MB
=mimn ol e — Stage 2: GPU memory use after
traversing through the dataset

|GPUMemory Clock

|GPU Temperature

|

: r) '\" |GPU Core Clock v | 4500MHz |
o .r |GPU Memory Clock v | so00MHz | g
c - |GPUTemperalure - ‘ 530'C| R ————
wt |GPUPawer - | 0w |
} \'}' |GPU Load - | 3% | ] 3OMB
> Emiten o)l mol Stage 3: GPU memory use after

unloading




Future work

475% volume up caused by the duplication due to the lifespan; is there a better
way to deal with ite

The tree structure of the 9x9 dataset is 0.79MB; it could be > 6MB for a 20x20
dataset. Is it possible to split tree structure script into muiltiple scripts, load a
partficular part only when it is requested?

Geometry changes are subtle that are easily being skipped over with a large
zoom step. Is there a way to magnify the change either within source data or
during rendering? For example, generate an animation.

Different unloading methods; e.g. based on distance or times of requests.

Balance the use of main memory and GPU memory.

After unloading, will be GPU memory be fragmentede Does that affect the
performance?



Prototype




Thank you for your attention
Questions



Supplementary slides



Missing botftom

 Happens when the horizontal splitting plane intersects with the
lifespan of a triangle

Z axis
Chunk1
Lifespan max Z
BBox min Z
Without lifespan With lifespan
Chunk Size (without lifespan) (kb) Size (with lifespan) (kb) Size (one chunk) (kb)
00 104 103
01 83 82
02 142 141
03 125 124
04 79 114 (44% up) 729
05 70 100 (42% up)
06 100 140 (40% up)
07 87 126 (45% up)
Total 790 (8% up) 930 (28% up)

Comparison of chunk size divided with /withoutlifespan (Leiden dataset)



Example of load-

render workflow

= Main memory (Node00) = Server
+ intersecting = True Load Chunk 00
+ loaded = True
+ Temporal tribuffer = 00.bin
viewport
= Main memory (Node01) = GPU memory
+ intersecting = False One buffer object
+ loaded = False Buffer data 00.bin
01 00 Node00 rendered
= Main memory (Node00) = Server
+ intersecting = True Load Chunk 01
+ loaded = True
viewport
= Main memory (Node01) = GPU memory
+ intersecting = True Two buffer objects
+ loaded = True Buffer data 00.bin 01.bin
01 00 +Temporal tribuffer = 01.bin Node00 rendered
NodeO1 rendered
= Main memory (Node00) = Server
+ intersecting = False No loading of chunks
+loaded = False
viewport = Main memory (Node01) = GPU memory
+ intersecting = True Two buffer objects
+ loaded = True Buffer data 00.bin 01.bin
01 00
NodeQ1 rendered
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&

/.‘ .

Separate file for triangles intersecting with
multiple chunks - avoid redundancy

Chunk Separate files

- Iﬂtersectfngﬂl Intersecting triangles Size (KB)
T SR
- e In lower half 275

3 Intersecting 02 Total $SC 14487
4 Intersecting 45

5 Intersecting 67

6 Intersecting 57

7 Intersecting 46

File size comparison



Memory consumption

¢ l

Locality of reference
GC Roots @ 0Oxdbd07f4150

» Temporallocality G Roots @ D63cas0
. . mResultArrayBuffer
* SpOTIO| |OCO|ITy vector element
objects > ArrayBuffer @ 0x2031c418140
objects > Window @ 0x1a2f4583c40

Ggrbcge Collec_l_ion (GC) box0112 rootNode0112

. objects > Array @ 0x1a2fb36dc80 objects > Object @ 0x1a2fb1adb00
« Automatic memory management system

. children
for Javascript
. objects > Array @ Ox1a2fec87420
* N O n re G C h G b | e O bJ e C TS objectElements[0] objectElements[0]
* R eo C h G b | e O bjeCTS objects > Object @ 0x1a2f9e6eal0
data

— objects ) Army @ 0x1a2fb36d880

Non reachable
objects=> Garbage

Reachable Objects




