
GROUP 007
AYAN ALI
JET CHIANG
REYAB SALUJA

OP2 | ECE297

1



Goal: Make Urban 
Environments Easier to 
Understand and Explore

2



What we’ve been 
working on

33



Users can View City in 2D

4Figure 1: screenshot from ece297 application, shows the 2D map view.



Users can View City in 3DUsers can View City in 3D

Figure 2: screenshot from ece297 application, showing 3D 
and 2D view. 5
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3D Viewer

Styling with CSS
POI Navigator

Intelligent Searching
Courier Optimization

Design Achievements

2D Map

Map 
Algorithms
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1 Accurate Buildings, Roads, Areas
2 Terrain Generation
3 Landmarks & Complex Roofs
4 Time of Day
5 Performant Trees & Billboarding
6 Ground & Building Textures
7 Shader Design
8 Performance Considerations

3D Viewer Highlights
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Billboarding Trees
Build Building Geometry
Assigning Textures
Building Complex Roofs
Building Landmarks

Sky & Sun Shaders
Building Shaders
Camera Perspectives
Orthographic Projection
Time & Light Control

Terrain & Tree Data
Building, Area, Roads
Sun & Sky Mapping

Data Acquisition Data Processing Data Rendering

[3]

[2]
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[4] [5]

[7]

9Figure 3: 3D rendering pipeline: terrain, data processing, and data rendering



1 Accurate Buildings, Roads, Areas
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https://docs.google.com/file/d/1VBLTxmJNuLmYm-lUDeCwP4dPQTw75emT/preview


2 Terrain Generation

Buildings without terrain take away from our goal. We need a way of 
building terrain data whilst avoiding some common issues.
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ArcGIS Elevation Data

Per-vertex terrain data Quad-based Polygon data 
for areas such as parks

OSM Area Data

Fill the GPU Memory for 
Graphics Processing*

* this process has quite abig problem 
as areas and terrain meshes conflict 
with each other causing “z-fighting”[2] [8]
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OSM Area Edge Data

ArcGIS Elevation Data

OSM Area Edges cut 
the Elevation Mesh

OSM Area Mesh Data

interpose the terrain that has area-shaped 
holes with original areas

[2]

[8]
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After solving the problem of z-fighting via meshcutting, we were left 
with the problem of water cutting into land. Here careful rules around 
OSM areas left a final mesh that was well-suited to pedestrian walking.
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3 Landmarks & Complex Roofs

Landmarks help the the urban explorer find their 
bearings and find viewing angles not accessible in 2D.
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16

OSM Represents buildings via the use of parts, these parts can then 
be combined to form complex shapes such as landmarks.

[17]



Building Mesh Data from 
initial building parsing

[8]

OSM Building Data
Building Buildings from Parts

Roof Type

Level of 
Detail Value

[17]
Camera 

Position in Data 
Representation

[5]
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This yields landmarks that help users identify regions of 
interest and views that cannot be seen in 2D maps alone.
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Figure 4: screenshot from ece297 application, 
showing Forbidden City, Beijing

Figure 5: screenshot from ece297 application, 
showing Seoul Tower and Namsan Park.
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Figure 6: screenshot from ece297 application, 
showing Art Gallery of Ontario, Toronto.

Figure 7: screenshot from ece297 application, 
showing Chaotianmen Sqaure, Chongqing.
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4 Time of Day
NREL SPA Algorithm

Solar Irradiance and 
Sun Position

Longitude
Latitude

Time & Date

Fed on 3D 
Viewer startup

Hosek & Wilkie Sky Color 
Algorithm

Precomputed Data 
from Hosek-Wilkie 
Coefficients

Sky and Sun Shader

Building Light Shader

To
 D

isp
lay

To
 D

isp
lay

Average Sky Color

Light Value

[9][10]

[3] [7]

[7]
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The Hosek-Wilkie Algorithm yields cheap sky and sun 
shaders for calculating light incident on buildings.
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https://docs.google.com/file/d/1wzf9mkM8Xh8NqJxFjBJ8UbIFZcdHUPp9/preview


5 Performant Trees and Billboarding

How do we place thousands of trees whilst maintaining 
performance and keeping trees as true-to-life as possible?
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Tree Image Textures
Create 3-quad mesh and place 
images on mesh

Randomize size* rotation, and tilt.

* we only randomize 
size of the OSM data 
does not contain the 
age of the tree.

Place Trees at OSM Tree ways or distribute over landuse:wood 
and landuse:natural areas

[11]
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6 Ground & Building Textures

Solid colors allow for building differentiation, but how 
do we make the cities look more realistic?
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[12]

To
 D

isp
layGLSL Pipeline

[7]

Apply Textures to Walls 
of buildings with a given 
material tag.

Apply textures to OSM 
areas that are interposed 
on terrain mesh.

Building Mesh Data from 
Data Processing (has added 
parts from Complex Roofs)

Terrain Mesh Data from Mesh 
Processing

[5] [5]
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7 Shader Design Highlights

[13]

Mesh and Terrain Smooth Shading

Smooth shading allows us to 
cheat by reducing tri count 
and placing computation in 
the fast GPU, making scenes 
cheaper. 28



St. Helena looks much smoother with smooth shading!
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Blinn-Phong Lighting Model (1/2)

This is light from the sun, 
it is very harsh, the 
atmosphere should reflect 
the light around.

We can cheat this result by 
adding a simple ambient 
light to the opposing side 
of the sunlight.
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Blinn-Phong Lighting Model (2/2)

The surface appears to be very 
Matte. We can cheat reflection 
calculations by adding a very 
sharp point light labelled a 
specular light.

This is the combined 
result.
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8 Performance Considerations
To maintain performance we follow the process:

● Balancing detail at the micro and macro level
● Cheating by faking real-world systems and 

effects via approximation and precomputation
● Cull data that is not pertinent to the 

current camera position or view angle
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Figure 8: Running at the above given FPS for Toronto and Tokyo scenes 
rendered at 1920x1080 resolution. [1]

Nielsen’s Usability Engineering [2, pp. 135] gives a hard limit of 0.1s before the 
user finds a program unresponsive. Our renderer runs at a minimum 100ms. [1]

33 [1]
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https://docs.google.com/file/d/1MfogAi-tBST_Y3lwNLpeFMQ_j7bgKQ4T/preview
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https://docs.google.com/file/d/1CISQRBat1pOEuiPF3aPqIPjaeLmGjx5S/preview


1 Styling with CSS and MVVM
2 POI Navigator

3 Milestone 1: Spatial Quadtree
4 Milestone 3
5 Intelligent Directions
6 Travelling Courier Optimization

2D Viewer Highlights
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1 Custom Styling with CSS

37



38



39
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https://docs.google.com/file/d/16kIqdyQGleaDmG-Wa4B7jt6x2h9CY_Ay/preview


2 POI Navigator
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Nearby POI’s are Displayed on Explore Tab
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Fitts’s Law: having search in 
close proximity to the map 
reduces the time needed to 
interact with results [1].
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Eliminates manual 
effort of searching 

for responsiveness [1]

When you click on a POI, it takes you 
there!
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3 M1: Spatial Quadtree
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Visualization: How it Works
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https://docs.google.com/file/d/1s8qMuOsWqPxhyDPDDcFWnoV43O_jFLfB/preview


How it varies from the standard approach

47

Start
Store all 
intersection points 
as coordinates

Split the map 
into 4 regions 
(quadrants)

47

If a region has to 
many points, split 
it further

Repeat until each 
region only has a 
few points

Find the region 
it belongs to

Check points in 
that region first

Check nearby 
regions if 
needed

Skip regions 
that are too far 
away

Return the 
closest 
intersection Query

Building



Results After Running Benchmarks
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Benchmarking Analysis
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4 Milestone 3
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We used the A* pathfinding algorithm
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https://docs.google.com/file/d/1082ED38uMHSfrsrPD6lor0zugIwvxztr/preview


How our implementation works

Start Destination Load the road 
network

Prioritize roads by time so 
far + estimated distance to 
goal

Stop when destination is 
reached

Only follow valid 
roads (one-way rules 
+ turn costs)

Reconstruct the 
path from saved 
steps

Return the final 
route
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Implementation Procedure
To improve performance we followed the process:

● Heuristic: 
straight-line distance / fastest speed

● Key optimization: 
cached segment times + cached adjacency lists

Walking Mode: 
● find reachable pickup intersections, then run one 

A* search from all of them
53



Handling Edge Cases
Uh oh! We 
selected an 
impossible 
route.
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5 Intelligent Directions
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Example: Walk + Drive Mode Directions
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Walking is the 
Green Path

Driving is the 
Red Path
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Different 
directions based 
on walking vs 
driving
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6 Milestone 4
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The Problem at Hand

Travelling Courier = TSP with more rules 60

https://docs.google.com/file/d/1HxB1KsQZSKYa7fItMmwW0iYFdaOjoGk9/preview


Our strategy

● First: build a valid route using a greedy 
nearest-neighbour strategy

● Then: continuously improve that route instead 
of trying every possible route (too slow) [23]

Johnson & McGeoch describe TSP as a classic hard routing problem where heuristics/local 
search are used to find good routes quickly. Johnson & McGeoch, 1997. See [23]
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Complete Implementation

Start with a 
decent route

Precompute 
travel times 
between steps

Try small route 
changes

Decide if the change 
helps

Repeat until time 
runs out

Return the 
best route

62



Our results: Simulated annealing improves the 
greedy route over time

Starting from a feasible nearest-neighbor route, simulated annealing reduced total route cost by 
25.2% within the 47.5s time budget. 63



Main Optimizations of the Courier Route

Greedy Start improves the 
QOR (Quality of Result) [24]

Precomputation of travel 
times improves the QOR [25] 

Parallelizing 
(Multithreading) improves 
QOR

Inspired by simulated annealing and TSP local-search methods: Kirkpatrick et al. (1983), Johnson & 
McGeoch (1997), Applegate et al. (1999). See [24] and [25]

Start with a 
decent route

Precompute 
travel times 

between steps

Repeat until time 
runs out

Return the 
best route

64



With these 
features,

let’s see it all 
in action.
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Let’s say you’re finding a restaurant in Toronto …
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Figure 9: 3D Viewer is now in 2D Overivew mode.

I double check my route to see how to cross the tracks …
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Let’s go on the walk!

The views are quite nice … CN tower visible as I cross 
the train tracks!
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The walk looks quite nice. I forgot the check the views! 
Let’s see how the views are?

… here are the views from the rooftop restaurant!
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… oh dear … quite blocked in the SE direction!
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… uh oh … quite blocked in the S direction!
76



.. good views in the SW direction! I’ll sit in the SW 
seating area! But what about those sunset views?
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.. that’s unfortunate, the adjacent building blocks my 
view to the sunset! I’ll go back to search!
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Figure 10: KOST resturant building under red arrow.

So you decide to look at another one! This one seems nice …
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Ahh … much better!
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Pitch & Vision

81



Goal: Make Urban 
Environments Easier to 
Understand and Explore

Extended Goal: Making 
Spatial Intelligence 
more Accesible 

82



… realistic rendering, any city, any time.

Figure 11: 3D viewer rendering (left) compared to Jet’s photos taken last summer at Chongqing (right).
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Figure 12: 3D viewer live view (left) compared to Jet’s photo last year on Toronto Island Pier (right)
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Figure 13: Apple Maps 3D and “Look around” mode 
compared to our 3D mode and Pedestrian mode

Comparison with Apple Maps

There’s nothing in 3D Mode!

What if I want to see another time?
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1 Data Sources
2 Visual Fidelity
3 Interactivity

Improvements

Vertical Expansion
86



1a) Loading Model Meshes
Certain non-building landmarks are missing from OSM!

Figure 14: Rio de Janerio with missing Jesus the 
Redeemer Statue [14]
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1b) Obtaining public transit data

● Streetcar Rails and 
Schedule?

● VIA/GO Schedule and 
Train tracks?

Figure 15: 2D overview mode showing missing transit 
tracks
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2a) Physically Based Rendering

From realistic, to 
Photo-realistic

Figure 16: Comparison of glass facade of Art Gallery of Ontario in 
3d renderer (left) and real life photo from Jet (right).
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2b) Shadow maps

Figure 17: Comparison of shadows at 
approx 12pm between our 3d renderer 
and ShadowMap, a reference 
application [15]

Building and trees should cast shadows!
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3a) Weather

Figure 18: Mock up of sunset during rainy weather

● What if it rains? Is it 
still a good sunset 
spot? 

● Should I go somewhere 
else instead?
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3b) Moving Vehicles

Figure 20: Street cars in San Francisco is 
a historical symbol for the city [16]

In some cities, public transit 
has become an iconic symbol!

This adds “liveliness” and 
“vibes” to a city.

92

Figure 19: 
Mockup of 3d 
renderer with 
vehicles



1 Urban planner and Architects
2 Simulators for Driving, Flying,
  Disaster Planning

Opportunities

Horizontal Expansion
93



Figure 21: Mockup of 3d viewer 
supporting modifying structures and 
seeing the impact live

Figure 22: Screenshot of Toronto from Google Earth.
94

1) Digital Twin for Urban Planners



1) Market Validation

Figure 23: Digital twins market [18]

Digital twin is one of the 
fastest growing markets with 
a CAGR of 41%! [18]

Figure 24: News report on digital twins GIS [19]
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Photo-realistic renders + flight camera controls + physics

Figure 25: Comparison between 3d renderer fly over view and microsoft flight simulation
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2) Flight Simulator



● Simulations market for autonomous vehicles research
● Enthusiasts, gamers (MS Flight), or even real pilots

Figure 27: Market growth of flight 
simulator market [21].

97

2) Market Segment: Urban Air Mobility

Figure 26: Research on using digital twin based 
on game engine for simulation in UAV research 
[22]



Goal: Make Urban 
Environments Easier to 
Understand and Explore

Goal: Making Spatial 
Intelligence more 
Accesible 

98



Thank you. 
Questions?
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Add the scene gif here
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