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Optimization overview and reformulations of the energy
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Fixed : all roof facets

" maximize with constraints )

IV - Superstructure optimization

1. Detection : exhaustive search of the roof facet Ri

This 1s the computation intensive step !
* For each superstructure type t

-~ For each discretized support parameters 6=(x, y,, X, y,) inside the roof facet R of dimensions (x, - x,)

and (y,—Yy,) allowed by the type t.
* Optimize the continuous parameter(s) ¢

{quaX: argmax <eA<<t,e,¢>/R,->>]
¢€{loosepriors(t,0,R;)}

~If e ((t,0,¢,.)/R)>0 ,add s=(t,0,¢,,,) tothe set H of superstructure hypotheses

2. Filtering : keep 1n H only the local maxima of e,

2 superstructures are adjacent if their support parameters 6 are within 1 discretization step.
= problem size reduction
= prevents multiple detection of noisy features

3. Selection : branch and bound

kronecker symbol

_ s o H|
X= 6hje H is selected in the optimal solution E{ O' 1 }

Goal : find [X " =argmax Zj X;.e,(h;/R;)| with constraint C1 (no overlap)

Constraint (x)

Initialization Our result (textured with aerial images) Our result (shaded)

— FP: over-detection
=3 TP: superstructure
% TN: under-detection *
"= EN: roof plane i

Evaluation of the pixel classification (roof plane/superstructure) Ground truth (produced manually)
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\_ & refined roof geometry ) \correct topology but imprecise geometry ) Constraint Corresponding problem |Difficulty
\. J/ Cl|x;=0o0rl; Vj#k,x,=x,=1=support(h;)nsupport(h,)=0 Maximum Weighted Clique;  NP- &
4 ) C2 |x;=0or1; Z/ X;.area(support (h;))<area(uU;support(h;)) 0-1 Knapsack Complete |
II - 3D Model (C3|x,€[0,1] ; ¥ x;.area(support (h,)<area(u;support(h)) | Polynomial problem | Easy! )&
A A
- ~ &) Cheap upperbound : C1=C2=C3, 50 TaxCl(X)Zj X;. eA(hj/RL)sTaxG(X)Zj X;. eA(hj/RJ,)
Extensible collection of parametric roof superstructures | N pevremelereten |
Algorithm : Process separately each connected component of H (connected w.r.t. the overlapping relation)
4 current current N\
available best best  available empty
hypotheses Selection  score area allH  selection
v 1 select( x , x™,e™, a ): First call : select (6;e, 01.50,0, @area(u;support(h;)))
e Yo To if (upperbound(x,a)<e™) then return (xm,e™™) Pruning with upperbound test
Chimney Terrace Glass roof Dormer window let j,..x=argmax (x;.e,(h;/R;)) First descent is a good heuristic
9, (b:{h} 9, (b:{h} 9, (b:{h} 9, (l):{ho,hl} Iet (Xin’ein)zselect(x_éhjOverlapShjmaX’XmaX,emax_eA<hjmaX)’a_area(support(hjmax>>)B -
S The parameters 6=(x, ¥, X; ¥;) and ¢ are restricted to a plausible domain defined by loose priors y if(e"”+e2\(hj /R)>e™™) then (xM,e™™)=( x' "+ 5. e"”+eA(hj /R))) estin.
- - let (x°°, e*"=select (x—6, . ,x",e"™™,a - -
r — ) Architectural assumptions et (X' ) (X=3je),., & .3 Best out?
4= if (€°">e™™) then (x"™,e")=(x"",e’")
Q >Superstructure supports do not overlap. RN )
= : . return (x7°,e"") Return current maximum
a >Superstructure supports are oriented according L )
N
to the gutter of their roof facet, defined as the line L y
o s = p 2 3 segment of 1ts boundary that contains the lowest - ~
Ry 5 5w {5 S PN .
’ i, & 5 N point and has the smallest slope.
222 e gep .
e e = 2 % | Simplifying assumption .
AN =
ms c@] ‘?Os *>Each superstructure is contained in a single roof
\ /  facet.
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III - Energy formulation and Optimization overview
A A
data term

Results with the DEM shown 1n red

—_— \_ Behavior on lower resolution data : pixel ~ 25 cm )
< S
esult E (B)= ZidR,(Ri) —Zizj ?A(Sij/Ri) p N
E f?h b 7d' dS,,(Ri)_dS,,<§U>_)\'LtypeS,-,- S
\ Withgilz;gévnf/ supi‘rSLt{ll’uéIggres \_ Benefit of each superstru(cgure) J VI - COHCIUSIOH
A A
\ Y &) Fully automatic !
4 A <) Reasonably fast ! a few seconds (L2 norm) to a minute (L1 norm) per roof plane
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