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Exploded view is a kind of schematic view which decomposes the assembly into parts and arranges ac-
cording to certain rules to explain the product structural relationship and guide the relevant technical
personnel to carry out product assembly or maintenance. It is necessary to consider the visibility constra-
ints and explosion sequence rules to construct the exploded view. Manual creation will lead to repeated
modification and low efficiency. In this paper, a projection based algorithm for automatic generation of
exploded view is proposed. In this method, the explosion set of products is constructed based on disas-
sembly matrix and the assembly sequence of complex products is represented as a set of ordered hierar-
chical exploded view, so as to ensure that the exploded view can clearly express the feasible assembly
sequence. The projection interference detection method is proposed to ensure the visibility of the ex-
ploded view under a given angle of view, and the method of selecting the explosion direction is proposed
to improve the compactness of the generated exploded view, and the explosion direction guideline is
established to improve the readability of the exploded view. The algorithm has small storage space, fast
search speed, and is not limited to a single specific perspective, so it is more general. The feasibility and
efficiency of the algorithm are verified by an example of automatic generation of explosive drawing of

fixture model.
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1 Introduction

Exploded view is a kind of schematic view which
decomposes the assembly into parts and arranges ac-
cording to certain rules to explain the product structu-
ral relationship and guide the relevant technical perso-
nnel to carry out product assembly or main-
tenance.Compared with the two-dimensional assem-
bly drawing, the exploded viewpresents the product
structure in the form of three-dimensional axonomet-
ric projection,which can more intuitively show the as-
sembly sequence of parts, and is easier to identify and
operate with technicians.Different from the dynamic
demonstration (video demonstration) of assembly
process simulation, exploded view can be transmitted
through traditional paper media or pictures in the
form of two-dimensional stereo image, which greatly
reduces the time and economic cost of assembly pro-
cess expression.So it is widely used in various consu-
mer products, electronic products, complex mechani-
cal equipment and other fields[1]. There are two ways
to generate exploded view: man-machine interaction
[2-3] and automatic generation. The former is gene-
rally applicable to products with less parts and general
complexity. Some commercial CAD software also
provides the related functions of manually creating
product exploded view.In recent ten years, the re-
search on automatic generation algorithm of exploded

view has been put forward. In order to ensure that the
exploded view can correctly express the assembly
sequence, Li canlin et al. [4] used geometric interfe-
rence rules to generate local exploded views in rectan-
gular coordinates. Mohammad and Kroll [5] extracted
the above graph from the product model to describe
the assembly relationship of patts, and established
conversion rules to realize the automatic generation of
exploded views. Furthermore, the exploded distance
and the perspective of the exploded view directly
affect the visualization expression of the assembly
sequence. Yu Jiapeng et al. [6] successively proposed
an exploded distance algorithm based on axis aligned
bounding box (AABB) and oriented bounding box
(OBB); Zhao Hongfei et al. [7] adopted fixed direction
hulls(FDH) makes the exploded distance of the parts
more compact; Li et al. [§] proposed the exploded
view with dynamic perspective, which enables the ex-
ploded view to switch the local exploded position with
the movement of the view angle. In addition, conside-
ring that it is difficult to express all the details of com-
plex product assembly by single exploded view.Agra-
wala et al. [9] proposed the design rules of step-by-step
assembly guidance view; Vieilly et al. [10] used the
bounding sphere to calculate the exploded distance of
parts to generate hierarchical exploded view; Tatzgern
et al. [11] expressed the corresponding assembly de-
tails  through the enlarged local exploded
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view.Through the analysis of the above literature re-
sults, we can see that there are still two points to be
improved in the problem of automatic generation of
exploded view: first, only using bounding box to
calculate the exploded distance can obtain a relatively
compact exploded view, but due to the lack of consi-
deration of the perspective of the exploded view.The-
refore, the generated exploded view often appear the
phenomenon that parts block each other in some gi-
ven view angles (such as equiaxed or oblique axis side
views), and this kind of "axonometric view" is usually
the most concise and three-dimensional product as-
sembly auxiliary drawing in engineering. In view of
this kind of problem, new automatic generation met-
hod of explosive image is still to be proposed.On the
other hand, the existing methods generally stipulate
that the exploded direction is strictly consistent with
the assembly direction, which greatly limits the flexi-
bility of the layout of the exploded view; on the con-
trary, if the exploded direction is not constrained, the
readability of the exploded view is not high, the as-
sembly direction indication is not clear or even ambi-
guous.

Therefore, based on the existing literature research
results, this paper proposes an algorithm for automa-
tic generation of exploded view based on projection.
This method aims at the automatic generation of ex-
ploded view under the specified view angle, and pro-
poses an exploded direction selection and exploded
distance calculation method based on projection inter-
ference detection.By solving the position coordinates
of the parts in the exploded view, the exploded views
without mutual occlusion between parts under the gi-
ven view angle are automatically generated. MATLAB
and Siemens NX system are used to verify the feasibi-
lity and efficiency of the algorithm.

2 Description of exploded view generation

Exploded view is an effective means to express the
assembly relationship of products.However, it is di-
fficult to express every assembly detail clearly when all
parts are placed in a single exploded view for more
complex products.Therefore, in engineering, the as-
sembly process of a complex product is usually divi-
ded into several levels according to certain rules, and
all parts required to be assembled in each layer are ex-
pressed by an exploded view, and finally the assembly
process of the whole product is displayed by a set of
orderly hierarchical exploded view. In order to con-
struct hierarchical exploded view, this paper divides
the assembly process of products # by dividing all
parts that can be assembled at the same time into one
explosded set of products s, which divides the as-
sembly process of products. Each explosded set gene-
rates an exploded view to represent a level of product
assembly, which ensures that the exploded view
correctly represents the geometric priority relationship
of part assembly and effectively reduces the number
of parts contained in a single exploded view so that
the exploded view can accurately and clearly represent
the feasible assembly sequence.

In this paper, the sampling Disassembly
Matrix(DM) [12-13] is used to construct the explosion
set of products.The disassembly matrix describes the
interference relationship between each part in the as-
sembly and other parts during its movement to infinity
along the three orthogonal coordinate axis directions
(hereinafter referred to as the orthogonal direction) in
the absolute coordinate system of the assembly.The
disassembly matrix is defined as follows:

Suppose assembly P is composed of n assembly
unit body P={p,,ps,...py} .The interference between
the part p; and the part p, in the process of moving
along the d(d=+x,+y,+z) direction is expressed as
1;00<i,j<n) . If i=j,1,; =0 ;If i#j  the matrix is

rules called the disassembly matrix s =[1,,],  of the as-
2.1 Exploded set partition rules sembly P in the orthogonal direction.
0 p, moves in the d direction without collision interference with p; (l)
Ly = . L . L .
1 p; moves in the d direction with collision interference with p;

According to the relativity of motion, the interfe-
rence between p, and p, in -d direction is the

same as that between p; and p, when it is assem-

bled along d direction. The interference between the
assembly of part p, along the —d direction and the
part p, is determined by I, .Therefore, the interfe-
rence matrix can be used to deduce the assembly in-
terference  relationship  of  the  parts in
—d(—d =—x,—y,—z) three directions.

According to formula (1),the disassembly matrix
IM =[1,], is searched.If the part p; along the di-

3xnxn

rection d which does not interfere with other parts at

the initial f, moment, the part can perform the ex-
ploded operation to construct the exploded set s
from all the parts that conform to the rule After that,
all the parts in the exploded set s are disassembled
and the matrix is searched again to get all the deta-
chable parts at the next time 4 as the exploded set s
And so on until all parts are disassembled, the set
S ={S0,51,525" 51,755, ) can be obtained.Each subset s
is the set of all parts that can be assembled at the same
time at time £, that is, the exploded set §; at time .
If § has ,. subsets in total, then a total of ,. ex-
ploded view need to be generated.In order to express
the assembly process of products, the exploded view
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is generated for each subset of the set § in reverse or-
der. In addition to displaying the parts in the current
exploded set, each exploded view also needs to display
the parts that have been exploded to reflect the pos-
sible assembly relationship between parts. In this pa-
per, the part with the largest volume in the exploded
set is taken as the reference part (that is, the static part
in the exploded view) so as to calculate the explode
distance and determine the starting and ending coor-
dinates of the exploded direction guideline.

2.2 Engineering rules for exploded view generation

The complexity of constraints and engineering ru-
les is one of the difficulties in the automatic generation
of exploded view.The following are some important
rules for exploded view generation.

Rule 1: The exploded view should be able to reflect
the geometric priority of product assembly;

Rule 2: The visibility of exploded view of complex
products should be considered to show the assembly
relationship of parts as clearly as possible;

Rule 3: Under the given angle of view, the parts in
the exploded view have visibility, and there is no mu-
tual occlusion;

Rule 4: The exploded direction of the parts should
be able to reflect the assembly direction, and should
be as simple as possible and easy to identify and ope-
rate with engineering and technical personnel;

Rule 5: The exploded view should be as compact
as possible.

3 Automatic layout algorithm of exploded
view

Aiming at the problem that parts shield from each
other in view of given angle of view of exploded view,
this paper comprehensively considers the position of
parts in exploded view from three aspects: perspective
of exploded view, exploded distance and exploded di-
rection.The algorithm mainly includes projection in-
terference detection, exploded distance calculation
and exploded direction selection.

3.1 Concept introduction

According to the basic principle of computer
graphics, it can be judged whether two objects are ob-
scured from each other.After the object is projected
to the window plane,it can be judged by whether the
boundary boxes of the projection of objects inter-
sect;At the same time, considering that the isometric
side view (Hereinafter referred to as shaft side view

) is one of the most widely used views to present ex-
ploded view in static form.In this paper, the view of
positive isometric side view is taken as the visual angel
of exploded view.The exploded distance and exploded
direction of the parts are calculated with the constraint
condition that there is no mutual occlusion between

the parts in the positive isometric side view, and then
the exploded view is generated automatically.

Firstly, the boundary box of the part projected
onto the isometric side view is constructed.In order to
reduce the computational complexity of the projected
bounding boxes and ensure that all the bounding bo-
xes are convex polygons,take the direction of the part

bounding box as the projection object (Hereinafter

referred to as bounding box) , As shown in Figure
1,let the bounding box of the part p,p; be respecti-

vely Box;,Box; , and the vertex set of the bounding
box is respectively
Vo= Voo Vs ViaW s ViV ViV = {VinV ooV sV iasVis ViV Vs
As shown in Figure 2, (x,.,y4.24) > (xu.00.24) 18 the
coordinate value of two bounding box vertices V.,V
respectively, Normalized with homogeneous coordi-
nates as (x.vu.zio1) > (xuvu.241) then the coordina-
tes of projection points V',,V', in Axonometric view

can be calculated according to formula (2):
Ve =V xT. 2
T is a transformation matrix:

cosy 0 —siny=*sina 0

—siny 0 —cosy*sina 0
I = 3
0 0 cosa 0

0 0 0 1

For the exploded view of isometric side view con-
structed in this paper,the coordinate axis of the part
has the same angle with the axis side projection plane,
and it is projected to the axial side projection
plane.Therefore,take a=35°16, y =45° [14].

Box;
Di
pPj

Box;

Fig.1 Parts and Bounding box in isometric projection

The set of projection points p';,p', can be obtained
by calculating the vertex set of each bounding box
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V.,V; in Figure 2 according to formula (2). The poly-
gon p',p', formed by the projection point is the
bounding box formed by the part p,p, bounding box

projected onto the axonometric view, as shown in Fi-

gure 3.

Fig.2 vertexes of bounding box

3.2 Projection interference detection
It is inspired by the idea of judging the position re-
lationship between point and polygon based on ray

method in reference [15].In this paper, the boundary
box intersection judgment method is constructed as
follows: Take any vertex V' in the boundary box P i
k-k

as the ray ,as shown in Figure 4,calculate the nu-

mber of intersections of the rays k=k with the boun-

dary box 2 .According to the principle of topology,an
even number of times a point intersects with a closed
polygon indicates that the point is outside the po-
lygo.On this basis, it can be determined that the point

U 1
Viis outside the boundary box £ 2 By cyclic traversal,
Al
the number of intersections of all vertices in P 1with

' ' '
P2can determine whether the boundary box P 12#2
intersects or not .As shown in Figure 3,if there is an

' '
intersection area of the boundary box # P2 then
there is projection interference in the boundary box

P'P2 obtained by projecting the boundary
box(OBB) of the part P*P2 on the axle-side view.Ab-

breviated as #*P2 projection interference. Thus, it can
be judged that the parts are obscured in the view angle
of axle-side view.

Fig.3 bounding box

X

Fig.4 ray method
3.2 Calculation of exploded distance

Since the shielding of the part from a given ex-
ploded angle of view is considered, the previous met-
hod of calculating the exploded distance only by the
size of the part enclosure box needs to be improved.
The calculation method for explosion distance of

parts in this paper is as follows:Firstly,the part £/ s
along the exploded direction in stepping-mode.Every
stepping can update the bounding box coordinates of

the part £/ and calculates the new projected bounding
box.Then, according to the method given in Section
2.2, judge the intersection of boundary boxes of parts
PiPi to further judge whether there is projection in-
terference in parts P/ If projection interference still

exists, i.e. P7still obscures the part # | P/ continues
to step in the exploded direction .Otherwise, stop and
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use the accumulated distance of step movement as the

exploded distance of the part 7 .For the parts given
in Figure 1, the final explosion results are shown in

Figure 5.(Take # as the reference part).

Fig.5 Expolded view of fig.1

3.4 Expansion in exploded direction

The exploded direction of the existing exploded
view strictly follows the disassembly direction of the
parts. In fact, appropriate expansion of the exploded
direction of parts can obtain more compact and rea-
sonable layout effect. Therefore, this paper extends
the exploded direction to the orthogonal direction,
which not only ensures the indication of the assembly
direction, but also improves the rationality of the lay-
out. In this paper, rules for selection of exploded di-
rection are designed:

Firstly, taking the direction of disassembly as the
initial selection of the explosion direction of the part,
in which the part moves with the preset exploded step
length.If projection interference still exists with all
parts that have completed the explosion after the part
step times have reached the preset upper limit, the part
re-selects the direction of explosion and continues to
step .The principle of screening new explosion di-
rection is to get away from projection interference area
as soon as possible. However, since the transforma-
tion matrix T, between the vertex of the part enclo-
sure box and the vertex of the projection boundary
box is singular, it is difficult to reverse the vertex of
the boundary box through the vertex coordinate of
the boundary box.Therefore, this paper indirectly de-
termines the new direction of explosion by comparing
the projection position of the part boundary box to
Xy,z,zX three planes.Specific as follows: Set part p,
as the finished exploded patt. p, still has projection in-
terference with p, after reaching the upper limit of
the number of steps in the direction of disassem-
bly.The vertices of bounding box of patts p, and p,

are projected onto the plane -» respectively, and the

set of projection  points {Vq. s ,VM}

>
{V1 Vo ,Vf} forms the boundary box p% p7 re-
spectively.As shown in Figure 6,by ordering the coor-
dinate values, we can see that p"N p'7 = @ the boun-
dary boxes have an intersection area. Calculate separa-
tely the distance p' needs to move away from part p'*
in {+x,+z} direction.Sort by the shortest moving

distance,we can get

max_x| _ | max_z _ _min_z| _ | min z max.

| = py| < | = pptr| <[ ot = pp| <[P - |
Further, by this method, the projection position rela-
tion of the vertex of the bounding box in the )2,
plane can be similarly compared, and it is finally deter-
mined that the part p, preferentially selects +x as the
new exploded direction .As shown in Fig. 7 (a),set
patts as basic parts.Parts { p,, p,, ps, p,} explode in seque-
nce as exploded sets.Initial exploded direction is disas-
sembly direction +z .Suppose that the upper limit of
the initial number of stepping exploding along the di-
sassembly direction is the ratio of the length of the
part bounding box in that direction to the exploded
step length.It is obvious that the size of part ps in+z
direction is large, and the projective interference exists
between parts p,p,,p;,ps and ps after the exploded
movement of part p,p,,ps,ps along +z direction rea-
ches the upper limit of stepping times.Thereafter
DiDas s> s reselects the direction of explosion accot-
ding to the method given in this section, and the ex-
pansion results of exploded direction are shown in Fig.
7(b).After the exploded direction of all parts is re se-
lected, not only can the mutual shielding be avoided,
but also the more compact exploded view can be ob-
tained.

@qmin_x’ pqmax_z) (pqmaxix’ pqma.x71)

/ (prmin_x’ prmax_z)

/’ (prmuxix’ prmllxiz)

/ (prmax_x’ prmin_z)

G,rmin_x’ prmin_z)

5 (I’q'"i"-xy pqmin_z ) (pqmax_x’ pqmin_z )

Fig.6 Expolded direction select based on bounding box
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(b) excploded direction selected by the proposed method

Fig.7 Expolded view compare with different exploded di-

rection select method

In addition, to ensure that the assembly position of
parts can be clearly expressed in the exploded
view.The algorithm stipulates that exploded direction
selected by a part can not be the same as the opposite
direction of all previously selected exploded directions
of the part and is assisted by exploded direction gui-
deline.The guideline is a line segment connecting the
exploded position of the part with the assembly posi-
tion, which is used to represent the path of the part
moving from the position in the exploded view to the
assembly position.The starting point and end point of
the guildline are the center points of the bounding box
of the part in the exploded position and the assembly
position respectively. Since the selection of explosion
direction is limited to the orthogonal direction only,
setting the direction of the guideline is also limited to
the orthogonal direction.As shown in the dotted line
in Figure 8.

Fig.8 Exploded view guideline generation by the method pro-
posed in this paper

3.5 Algorithm flow

The flow chart of the algorithm for automatic ge-
neration of exploded view presented in this paper is as
follows:

Vertex coordinates of part bounding box,Disassembly matrix,Set view angle

é of the exploded view,Exploded step length,Upper limit of stepping,Obtaining
8 explosion set §
E]
Ei Obtain the disassembly | | Construct Exploded Parts Set Construct
direction as the initial C; and determine reference Unexploded
exploded direction parts Parts Set C,
1

The explosion starts
with the exploded set

S, k=m
|
]
Obtain vertex set V; of
Add Layer K bounding box of part p;in Next part
Parts to C, C, Initial serial Naias!
number,j=1
Obtain vertex set V; of
Next part bounding box of part p;in
=i+l C, Initial serial
number,i=1
pj;bounding box
Projection advances one step
interference ? length and updates
the V; coordinates

p; is added to C; and
removed from C,

No Exploded Direction
Selection Strategy

Yes
Next Yes [Output Results
J=k-1 Algorithm
End

No

Fig.9 The flow diagram of algorithm
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4 An example and analysis of automatic ge-
neration of exploded view

The test in this paper is based on MATLAB and
UG / open API function joint implementation, both
through text files to achieve data exchange.As shown
in Figure 10.Firstly, the disassembly matrix of assem-
bly model and the bounding box information of parts
are extracted from Siemens NX 3D design soft-
ware.Then combined with the preset exploded angle,
exploded step length and the upper limit of stepping
times as the input data into Matlab, the product explo-
sion set is divided by the automatic explosion genera-
tion algorithm based on projection proposed in this
paper.The exploded distance and direction of parts in
each set are calculated in turn, and the coordinates of
each part guideline are determined.Then, the calcula-
tion results are output to Siemens NX for three-di-
mensional exploded view display, so as to realize the
visualization of exploded view.

input data

output data
Disassembly matrix -
Y - Exploded set H
. Automatic
Vertex coordinates of || | | generation .
i 1| | algorithm : gy
bounding box a8 Exploded distance and of 3D
#of exploded | . 3 mdl Saleib
. ' S — direction d pl
View angle setting of || | on view
exploded view projection i i
Coordinates of starting
Exploded step length ¥ point, tuning point and -

m ending point of guideline

and upper limit

Fig.10 The diagram of exploded view antomatic generation

In this example, an assembly fixture model is
shown in FIG. 11 (e) (41 parts in total) to verify the
effectiveness of the algorithm proposed in this pa-
per.The model is divided into four explosion sets by
the extracted disassembly matrix, that is to say, the
whole assembly process is displayed by four exploded
view, and each exploded view is generated from the
petspective of positive equiaxed side view.Set the mo-
ving step of each explosion to 5 mm.The upper limit
of the exploded stepping times is the ratio of the len-
gth of the bounding box of the part along the disas-
sembly direction to the step length.Each part first ex-
plodes along the disassembly direction. Then, if there
is still projection interference with other parts in the
exploded view, the exploded direction is expanded ac-
cording to the method given in Section 2.4.The ex-
ploded view generated by all explosion sets are shown
in Fig. 11 (a) (b) (c) (d).All parts in exploded view are
not covered by each other and have good visibility. At
the same time, because the exploded direction of the
parts is not limited to the disassembly direction, the

compactness of the exploded view is effectively im-
proved.The results of the exploded view can meet the
requirements of the exploded view generation rules
mentioned in section 1.2, which verifies the feasibility
of the algorithm.The algorithm runs on the Dell
(t1700) workstation (CPU Quad Core 17, 2.8 GHz,
memory 8 GB). In Siemens NX 10.5, UG / open API
function is used to develop the exploded movement
and guideline drawing function of parts, and the out-
put results are displayed.Because all operations are
carried out in MATLAB, the operation time of gene-
rating all exploded views is only 85 s, which has high
efficiency.

(a) first level

(b) second level
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(e) Assembly model of a fixture

Fig.11 The excploded view automatic generation by the algo-
rithm proposed in this paper

5 Conclusion

An automatic generation algorithm of exploded
view based on projection is proposed, which can avoid
covering each other and ensure the visibility of ex-
ploded view under given angle of view.The algorithm
proposed in this paper is not limited to the exploded

view with equal axis side angle, but also can be effecti-
vely applied to the automatic generation of exploded
view with any given angle of view.So it is more general.

A method for constructing product exploded set
based on disassembly matrix is proposed.It is more
engineering meaningful to show the assembly process
of complex products by automatically generating or-
derly hierarchical exploded view.The application of
bounding box reduced the computational complexity,
so that the algorithm still has high computational effi-
ciency while guaranteeing the visibility of exploded
view.

A new method for selecting exploded direction ex-
pansion is proposed to make exploded view more
compact. At the same time, the selection of exploded
direction is limited to the orthogonal direction, and
the exploded direction guideline is used for auxiliary
explanation, so that the exploded view can still clearly
express the assembly relationship.
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