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Section 1

. BACKGROUND & OPPORTUNITIES




1.1 As-built modeling

& As-built modeling (Volk et al. 2014)

7:';}

iLab
= Increasingly important for AEC/FM?
o Construction management # E B ST :
ili V“] »~ Exaple of hotgretry: Kowloon Wall City
© FaClhty management —J R @ (Source: patrick-@sketchfab.com)
o Built env. conservation i':":i PN —
o Smart city f:“g o

o Self-driving car, etc.

& Popular models and technologies
Example of point cloud: Pompei City

= Point clouds (Photogrammetry, laser scanqing)- AN __(Source: MAP-Gamsau lab, CNRS, Frarce)
= Triangle mesh models (3D Maps) --u-f?% ) s
#%BIM ) = Volumetric as-built BIMs |

o Also: As-designed, as-planned, as-demolished

t: Architecture, Engineering and . Example of GIS-based 3D Berhn "

F Xue: Geometric & fitness landscapes, 27 May 2019, HUST Construction/ Facilities Management (Open Data, source: berlin.de) 4



5 1.1 As-built BIM reconstruction

& Manual reconstruction?

= Accurate, high-quality, & responsible * /= .

= Expensive, tedious, or impractical for frequent update/cities _

& Two paradigms of automatic reconstruction

. . \E \ /\$|
E (1) Semantlc Segmentatlon = MD ':'J Example of Step 1 of Paradigm (1)

o Step 1: To cut and label data to small patches (objects) (Qietal. 2017)

(e.g., slicing bridge piers/deck)

o Step 2: To fit object parameters (e.g., width, height of a
wall)

A% ) =(2) Semantic registration 185 335
o Step 1: To annotate standard BIM components

E.g., online open BIM resources

o Step 2: To register into the whole data Example of Step 2 of Paradigm (2)
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B 1.2 Geometric landscape in semantic reglstratlon

id & Landscape

iLab g = Land — scape: Appearance of land

= Nature: Continuous surface

= Peaks and valleys

& Geometric landscape in 3D data of building scenes
JUfiEM = Also appearance (SourLcaeI;l%svciggedia)
= Nature: Point/surface polygon 5
o Discrete, noisy, cluttered
= Peaks and valleys

o On building elements

Geometric landscapes (non-repetitive and repetitive) in building scenes
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= Find the best solution (e.g., min f{x) = | x |)

© Fitness landscape
B

=l Appearance of f

= Peaks/valleys contain the solutions
o Where gradient Vf=0

& Fitness landscape for registering BIM

= Reflecting the geometric landscape

5 Many methods are not working

o Up to 9 degree-of-freedoms (DoFs)
o Continuous, jugged

o Too expensive to calculate derivatives (V)
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& 1.3 Opportunity: Derivative-free optlmlzatlon

)

& Derivative-free optimization (DFO) | I B '-_““Tfﬁk‘??fe' M e

-~ - -iAMaLGgM IDEA
Lab 3lgorithms solve without explicit V &

= Surrogate methods

o CMA-ES and its variants are
competitive

= Trust-region methods
o DIRECT, NEWUOA, etc.
= Metaheuristics (GA, PSO, VNS, efc.)

= Hyper-heuristics, data mining

. and Monte Carlo Pl : - - ~Monte farlo
10 10 10 10 10

@ DFO can bridge the two landscapes Running length / dimension

Comparison of algorithms for BBOB-2009 (Black-Box Optimization
Benchmarking, higher is better) (Auger et al., 2010) Image courtesy: Inria

= Accuracy? Efficiency?
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iLab

) 2.1 Overview

& Semantic registration through optimization

= Two inputs, BIM (pose/relationship) output

= Function : Minimize error (or maximize similarity)

= Variables : 3D transformation

= Subject to: Topological constraints
Theproposed DFO-based s

R

/ Tnput 3D point /. N
cloud (m points) £ 7
] |
&= 1
Semantic BIM |

comporenis .
and topologies I

Defining the set X

of compenent parameters

seman| reglslratlon uppmach

Defining the [ min fX) o
objective function £ ) st B0 Optimization
Defining the set C of /

] constraints
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min f(X)
s.t. C(X)<0

A semanteally rich
as-buile BIM
{1 components)
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2.2 Prototype demo (Xue et al., 2018; 2019b)

& PCD/2D photos + BIM objects = as-built BIM

= Automatic

= Segmentation-free

= Semantic

=l Accurate

= Efficient
< COBIMG

= DFO: CMA-ES
© A quick demo

(Language: C++, CLR; Data formats: Autodesk Revit, Stanford polygon)
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B 2.3.1 Case 1: An indoor office scene oxueetat, 2019

6d

- 1 ; T T T T
iLab b :\
min  f(X) = RMSE(BIM(X), Pjy,) [ -
st. (X <0. SRR A S _
fQX) = RMSE(BIM(X), Py,) ==
|:> ~ RMSE(Py, Pin) |:" > g 1 1 !tg}i‘ a}iﬁl ]
~ RMSE(Py, P;,) SRS S P o oW
, l ‘/__'__?_H_j,_ﬁ—k --’ r/_;,i _q—-o—o——o-w
= JZPEP;nnndist2(p, Py)/m’ :,.___/ frm RASERL P 3t P |
, B I'he incremental generation phase
~ RMSE(P;,, Py)

= szep;(nndistz @, Pi) /1P

(Language: C++, CLR; Data formats: Autodesk Revit, Stanford polygon)
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2.3.1 Case 1

“ % Indoor modeling

= Accurate: 3.87 cm, 100% recall

= Fast: 6.44 s

= Rich semantics: Product, assembly, efc.

Properties =

Steelcase AP - B Free - Cube -
475W x 425D

w E'E| Edit Type
Upholstery for Top ... (Steelcase AP -SLS.. | »

Furniture {1}

Modeler
No.

Experience Correctness

(out of 8)

RMSE
(cm)

Time
cost (s)

Upholstery Steelcase AP - SLS... |
|dentity Data ' 2

Image

Comments

Mark

1 Expert (3
years)
2 Average (1

year)
3 Beginner

COBIMG

-Revit
COBIMG-Revit +
annotation

8

8

8
8

8

3.79

3.90

4.22
3.87

3.87

363.9

3354

691.1
6.44

~246.0

Phasing kS
Phase Created Project Completion
Phase Demclished

Other 2
COBIMG_ID Type2-Inst1
COBIMG_translation | [0.7946,-3.694,0.000]
COBIMG_children
COBIMG_parent Ground
COBIMG_rotation | 4,67700.0,0.0,1.0]
COBIMG_manifold [

Properties hed

Project Browser - ilab-demo-revit.rvt

B O, Views(all} *
4 Floor Plans
3/ Ceiling Plans
#- 30 Views
% Elevations (Building Elevation)
ﬁ Legends
w8 Schedules/Quantities
7 [ Sheets (all)
= 2 Families
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Type Properties x
Family: e Load...
Type: 4250 x 4250 w Duplicate.
Rename.,.
Type Parameters
Parameter Value e
URL https/fwww.steelcase.com/asia-e

Style I‘\I-ul;nberlfs,l

BFLI0OOID
Rele at 018

Jai

A25W x

Revit Architecture 2014
E2020200
Type Image
Kl:ynolt_.
Model
Type Comments
.Dz.sc.nptlun. )
Cost
Assembly Description
Type Mark
OmniClass humber 23.40.20.00
Title General Furniture and Specialties
-
<< Preview E Cance| Appily

(Language: C++, CLR; Data formats: Autodesk Revit, Stanford polygon)



| Case 2: A lecture hall xue et al. 20190

id & RMSE= 8.97cm, time = 1,155s
iLab

S

© 99% precision, 98% recall
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£l Case 3: Architectural symmetry oweetal. 2019

Id Thumbnail of input ~ Normal” Symmetric parts® PCR Time Intrinsic?
point cloud® (C) of Sym., segmented (%) (s) asymmetry

1.026
—0.046
0

0.81

(a) The building (b) Photos by a drone (c) A dense point cloud

0.171
0.036

1.79

~0.080
0.004

3.68

207 T T T {i::'l‘_hx: parameter space viewport (walking on Lip.¢/)
: el bk Sl ek

L | 1979
2242
0

s
—r—
L

277 Ascircled

0.956
-3.256

wn
T

2.21

The value of the objective function
=
T

S—

0.251
0068
0

20 40 60 80 100
Time cost of CMA-ES (s)

0.60

(1) The optimization viewport (descending of
the objective function by CMA-ES)

2.687
-0.243

0 97.51 305 Ascircled

15

(111) The Point cloud viewport {testing a senies of symimetries)
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Section 3

DI_ % CUSSION




5 3.1 Discussion

© Semantic registration for as-built BIM
= Converts geometric landscape to fitness landscape
= Reuses online open BIM resources
= Finds optima (objects in as-built BIM) using DFO

o Automatic

o Segmentation-free

o Accurate
o Efficient

o Good for complex-shaped objects

& Drawbacks

Auto-BIM
: . deling b
= Require annotations beforehand o uw omeclick
. . . % S
= Killer (downstream) applications = oo,

F Xue: Geometric & fitness landscapes, 27 May 2019, HUST 17
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