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In this supplemental material, we provide more details of our
structure-oriented shape retrieval and sketch reconstruction meth-
ods.

1 Shape Retrieval

1.1 Pairwise Cost

In Section 3.1 of the main text, we defined a pairwise cost between
two parts vig and vjm. The precise definition of the cost is:

E(vig, v
j
m) = wdEd(v̂ig, v̂

j
m) + wsEs(v̂ig, v̂

j
m), (1)

where Ed is the distance cost, Es is the similarity cost, wd and ws

are the weights, and v̂ig , v̂jm are the best-fit ellipses (obtained via
Principal Component Analysis) of vig and vjm. As mentioned in the
main text, we compare the best-fit ellipses instead of the original
shapes since we would like to focus on comparing the positions
and sizes of the semantic parts.

Ed is defined as the Euclidean distance between the centers of v̂ig
and v̂jm, and Es is defined as the average distance between the el-
liptic contours of v̂ig and v̂jm after aligning their centers. Precisely,
we have

Es(v̂ig, v̂
j
m) =

∑
pk∈v̂j

m

D(v̂ig,p
k)/N, (2)

where pk is a point on the contour of v̂jm and N is the total number
of such points. D(v̂ig,p

k) is the Euclidean distance from pk to the
closest point in v̂ig . One could have defined the dissimilarity of the
ellipses v̂ig and v̂jm by comparing their semimajor axes, semiminor
axes and tilts, but this will lead to the tricky problem of weighting
the three factors, which we would like to avoid.

To balance the effects of the two cost terms, the weights are com-
puted as the reciprocal of the average cost of the respective terms.
That is, after Ed and Es are computed for all pairs of (vig, v

j
m), we

have wd = 1/Ed and ws = 1/Es, where Ed and Es are the mean
values of Ed and Es.

1.2 Part Merging

In Section 3.1 of the main text, we presented a part merging cost
for structure comparison:

Eg(vig, V
i
m) =U(vig, V

i
m)
∑
||p(vam)− p(vbm)||2,

∀(vam, vbm) ∈MST (V i
m),

(3)

where the binary indicator function U(vig, V
i
m) indicates whether

vig is dissimilar to the elements in V i
m combined (as the union of all

the constituent strokes). It is computed by measuring the dissim-
ilarity of vig an V i

m, where they are first represented by their best
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fit ellipses v̂ig and V̂ i
m respectively, and then compared using the

following function, with their centers aligned beforehand:

D(v̂ig, V̂
i
m) = 1−

area(v̂ig ∩ V̂ i
m)

area(v̂ig ∪ V̂ i
m)

, (4)

where v̂ig ∩ V̂ i
m and v̂ig ∪ V̂ i

m are the intersection and the union
of the ellipses v̂ig and V̂ i

m. In our implementation, the ellipses are
approximated by polygons, so polygon boolean operations are em-
ployed here. Note that although Eq. (2) can also be used to compare
ellipses, it is not adopted in Eq. (4) since it computes an unnormal-
ized distance, while Eq. (4) outputs a value between 0 and 1, which
makes it easy to define U(vig, V

i
m) by a threshold value, indepen-

dent of the sizes of the ellipses:

U(vig, V
i
m) =

{
1, D(v̂ig, V̂

i
m) > 0.5;

0, otherwise.
(5)

If multiple parts in the sketch are mapped to a single part in the
model, that is, V i

g = {v1
g , v

2
g , ..v

k
g} ⊂ Vg mapping to vim ∈ Vm,

the cost is computed a bit differently. Specifically, U(vim, V i
g ) is

always 1, meaning the cost is always applied, even if V i
g and vim

might be similar, since we assume the segmentation of the database
model is generally no coarser than the sketch segmentation. It is
rarely necessary to merge sketch parts, as such, the merging is al-
ways penalized.

2 Sketch Reconstruction

In the following, we give the precise definitions of the cost terms
Epr , Epl and Epj used in the optimization process in Section 4.2
of the main text.

Proximity cost Epr . We define Epr as

Epr =
1

3|Γ|
∑

(u,w)∈Γ

‖u−w‖2, (6)

where u and w correspond to the unknown 3D positions of u and
w respectively in Q

i
s.

Plane cost Epl. We further divide the parts in ∆1 into two sub-
classes based on the types of the selected planes: Parts in ∆1a have
planes with normals respecting vm, that is, the angular difference
between the plane normal and vm is less than a threshold value,
while parts in ∆1b have planes with normals disrespecting vm. We
require |∆1a| > 0 since the initial point positions, through back-
projection, of the parts in ∆1a are more reliable and we would like
to treat them as anchoring parts to guide the deformations of other
sketch parts. We represent the candidate plane as pi = (ni, di),
where ni is the normal of the plane and di is the distance to the
origin. If ∆i ∈ ∆1b, we treat di as an unknown variable to allow
translations from the original position. The plane cost is given by

Epl =
1

Npl

∑
∆i∈∆1

∑
u∈Qi

‖u · ni − di‖2, (7)



where Npl =
∑

∆i∈∆1
|Qi|.

Projection cost Epj . Under the orthographic view, we represent
the projection cost as

Epj =
1

Npj

∑
i

∑
u∈ṽi

g

‖Π(u)−Π(u)‖2, (8)

where Π =

[
1 0 0
0 1 0

]
, Npj = 2

∑
i |ṽ

i
g| and point u ∈ ṽig cor-

responds to u ∈ vig . Note that due to the user’s imprecise drawing,
where the views of different parts may not be consistent, we do not
assign a high weight to this term and only treat it as a regularization
term.


