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ABSTRACT 

An algoHsUhm  to gzneMUe.  thnjie,  dime.n¿ional  ¿olid  ob/ecXó, ma.de 
up o¿ planoA. ¿ift^ac&ó,  faom  the. give.n thne.e. conventional  engimeAing 
otáhogKaphic  viem ¿ó p*.¿óented  in thi¿  papeA. Conàiàting  o i ¿ix majofi 
4>te.p&, the. algoHÁXhm  kcu been pAog/iamimd  iη C on IRIS 1400 gtwjphiCÓ 
workstation.  Tht  atgohÁJÚm  gznexateÁ  oJUi  posible,  ¿olutionA.  The: 
infinite.  ¿pace haó been divided  into  finite.  ¿ub¿pace¿ by making aóe oh 
the, ¿uAÍace.  nomaJU,  and the. din.e.ctÁ.on  oí  tmvel  o& the. zdgoM  that 
connect thz ¿ace-ó. Cla¿¿iiiccution  the. probable.  3-V  ¿ubobje.ct& into 
the. ceAtain and uncertain one¿ ha¿ proved  to be veAy u ¿ e j i n reducing 
tht  time taken by the, algorithm.  Several  tHiutrative  examples,  simple, 
OJ>  well  a& complex  giving  ¿ingle,  and multiple.  ¿olutions,  ana included. 
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1.0 INTRODUCTION 

Wire frame and solid geometric models have attracted a lot of 

attention from the researchers. Ambiguous in nature, wire frame models 

do not carry surface information and as such they are not useful in 

calculating volumetric properties [LEE82]. Solid models do not suffer 

from this drawback. Solid geometric models can be constructed in a 

number of ways such as constructive solid geometry [REQU80], interpola-

tion between the specified space contours [DATA86, GUJA88], surfaces of 

revolution [GUJA84a, GUJA84b, GUJA87], sweeping of the specified 

contours [DATA85, DATA86], generation of solids from the orthographic 

views [NAGE88]. 

It is a common engineering practice to generate three 

two-dimensional orthographic views (namely, plan, front view and side 

view) to convey the form of the three-dimensional objects. To date, 

researchers have come up with an array of algorithms which deal with the 

generation of solids from the orthographic views. After Idesawa's paper 

appeared in 1973 [IDES73], several algorithms have been developed [LAFU 

76, W0077, PREI81, MARK81, HARL82, ALDE83, SAKU83, ALDE84, PREI84, 

Y0SH84» NAGE86], each having its own advantages and limitations. Some 

of these algorithms deal with planar surfaces [IDES73, LAFU76, PREI81, 

MARK81, MARK82, NAGE86], while others deal with both planar as well as 

curved surfaces with some restrictions. Nagendra and Gujar give a 

comprehensive survey of these algorithms outlining their capabilities 

and limitations and a categorization tree structure [NAGE88]. 

The algorithm presented in this paper combines the different 

steps proposed by Markosky et al [MARK80, MARK81] and Sakurai et al 

[SAKU83] and introduces some new concepts. Surface normals and the 
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direction of travel of the edges which connect faces have been used 

effectively. One of the prime concepts introduced in this algorithm is 

that it categorizes the different probable 3D subobjects into the 

certain and uncertain ones by applying different criteria. This has a 

significant effect on reducing the amount of time required to assemble 

the probable 3D subobjects. 

2.0 ALGORITHM 

The overview of the various phases of the system is given in 

figure 1. Phase 1 deals with the format of the input data which is in 

the form of two dimensional coordinate values along with the tags 

indicating the type of connection between the current 2D vertex and the 

previous one. Phase 2 is the main subject of this paper; it is broken 

down into six major steps (see figure 2). Phase 3 deals with the manner 

in which the 3D object is represented in the computer. The 3D objects 

are expressed in terms of faces which in turn are related to edges which 

are expressed as s traight lines j oining 3D vertices. Thus, the 

generated 3D objects are in the form of a linked list data structure. 

Phase 4 consists of a program to display the given input views along 

with the generated object(s) in the form of a line drawing; an interface 

with a ray-tracing program [DATA86] generates realistic solid objects. 

The details of all the phases appear in [NAGE86]. 

We now deal with the main phase, namely, Phase 2 which 

consists of 'Algorithm working on the orthographic viewsT. The major 

steps along with the substeps have been outlined in figure 2. All these 

steps are described in the following subsections. While constructing a 

3D object, one has to consider each quantity as a probable quantity 
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since that quantity may not be present in the final analysis. For 

convenience, probable 3D vertices, probable 3D edges, probable faces, 

probable 3D subobjects are written as p-vertices, p-edges, p-faces, 

p-subobjects respectively. 

2.1 STEP 1: 2D VERTICES AND 2D LINES 

In this step we process the input data and remove certain 

redundancies. All the points and lines that are input by the user are 

2D vertices and 2D lines. First, all the duplicate specifications of 

these vertices, if any, are removed. Next, since the user is not 

required to input the intersection points of two straight lines, it is 

determined if an intersection point exists and if it does, it is added 

to the list of vertices. Finally, the collinear lines of the same type, 

namely, solid or dashed, are combined to form one line. 

The intersection of two lines is determined using the 

following algorithm [B0WY85]. Let the two lines under consideration be 

KL and MN. The parametric equations for these lines can be written as: 

χ = Xj, + (xL-xK)s ... (1) 

y = y K + (yL-yK)s » 0 1 s 1 1 

for line KL and 

X = X M + ( xN _ xM ) l : " · ( 2 ) 

y = y M + ( y N " V C ' 0 - ϋ - 1 

for line MN, where s and t are the parameters. The point of inter-

section, J, satisfies both Eqns. (1) and (2). One can obtain the values 

of the parameters s and t at J as: 
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region. The total turning angle is used for this purpose [SAKU83]. A 

turning angle is the angle by which a p-edge has to be rotated at the 

common p-vertex while going from the present p-edge to the connecting 

p-edge. Clockwise rotations are assumed negative. Thus the total 

turning angle for a p-edge loop is either +360°, in which case that 

p-edge loop bounds the inside region and is called an in-loop, or -360° 

in which case that p-edge loop bounds the outside region and is called 

an out-loop. 

As an example, an illustration of the coplanar p-edges is 

given in figure 3 where the p-vertices have been given numbers. If one 

follows the p-edge 1-2, in that direction, one goes through the process 

of collecting the series 1-2-18-3-4-1-5-6-7-19-22-21-20-23-19-8-5 at 

which point the next p-edge is 5-1 which has already been selected in 

the opposite direction (as 1-5). Hence, this is detected as a false 

p-edge and is deleted. All the p-edge loops generated for figure 3 are 

given in figure 4 where each one also is identified as an in-loop or an 

out-loop. 

2.4.3 p-Edge Loops Relationship 

Now we determine the relationships between different p-edge 

loops in the sense if one loop is contained in the other. Two types of 

tests are performed to determine the contained in-loops and contained 

out-loops. 

2.4.3.1 Contained In-Loops 

An in-loop is said to be contained in an out-loop if they 

share at least one p-edge. Other in-loops which share p-edges with the 

already tested in-loop are also contained in the out-loop under 

consideration even if those in-loops do not share any p-edge with the 

out-loop. 
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( XN" XM ) ( yM" yK ) - ( y N ~ V ( XM" XK ) , Sj - ...(3) 

W W - W ( XL" XK ) 

„ (xl-xK> ( y M - y K ) - W . 
tj ...(4) 

( xn- xM } (y L- yK ) - ^ i r V 
If both sj and t^ are in the range of 0 to 1, then the intersection 

occurs within the two line segments and is given by 
XJ = V ( x L ^ K ) e J = V W ' j , 

...(5) 

yJ = yK + ( yL" yK ) sJ • V ^ N ^ M ^ J * 
This point is then added as a 2D vertex. If s <0 or s > 1 or t <0 or 

J J J 

tj>l, then the line segments intersect outside their span and the 

intersection is not a valid 2D vertex. 

2.2 STEP 2: PROBABLE 3D VERTICES 

A list of probable 3D vertices is constructed in this step. 

If any two 2D vertices, belonging to different views, have the same 

coordinate value for the shared coordinate axis, then the third view is 

searched for the 2D vertex which has the same values as the remaining 

two coordinates from the original two 2D vertices under consideration. 

If the search is successful then a 3D p-vertex containing the common 

x,y,z coordinates from three 2D vertices is found. This procedure is 

carried out for all the 2D vertices. 

2.3 STEP 3: PROBABLE 3D EDGES 

Recursive in nature, this step involves both the generation of 

p-edges and checking the validity of p-vertices. If any p-vertex is 
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found to be invalid, that p-vertex is deleted and the procedure goes 

back to the beginning of this step. 

2.3.1 Generation of p-Edges 

A straight line which connects any two p-vertices is a p-edge 

provided the projections of this 3D edge can be found in all the three 

input views. Since this algorithm deals with planar objects, these 

projections can appear as 2D lines or as a 2D vertex. Whenever this 

test is satisfied the p-edge formed under consideration is compared with 

the previously generated p-edges. If the most recently generated p-edge 

contains any one of the previously generated p-edges, then the most 

recently generated p-edge is not included in the p-edges table. On the 

other hand, if any of the previously generated p-edges contain the most 

recently generated p-edge then all those previously generated p-edges 

are deleted. The criteria behind this test is not to store overlapping 

p-edges. 

2.3.2 Checking of p-Vertices 

The p-edges are stored in terms of their end points. From 

this, a table that gives the p-edge numbers to which each p-vertex 

belongs is created. Since the algorithm deals with solid objects, each 

p-vertex should belong to at least three p-edges. If a p-vertex belongs 

to less than three p-edges, then it is assumed to be a false p-vertex 

and is deleted. Whenever a p-vertex is deleted, the validity of the 

p-edges is no longer guaranteed; hence the process returns to the 

beginning of this step (i.e. Step 3). If none of the p-vertices is 

deleted then the process advances to the next step. 

2.4 STEP 4: PROBABLE FACES 

In this step, a list of probable planar faces is constructed. This 
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step is composed of the following substeps: 

1. Determination of planar surfaces. 

2. Generation of p-edge closed loops. 

3. P-edge loop relationships. 

4. Formation of p-faces. 

5. Testing of 2D dashed lines. 

6. Checking of p-edges. 

2.4.1 Determination of Planar Surfaces 

The list of p-edges is searched to find out a pair of p-edges 

with a common p-vertex. A planar surface passing through these p-edges 

can be represented mathematically as: 

ax+by+cz+d = 0 

Given KJ and JL as the p-edges with (xT,y_,zT), (χ-,^,ζ..) and 
J J J κ. κ κ. 

(xL>yL,zL) as the coordinates of the p-vertices J, Κ and L respectively, 

the equation of the plane through these points is given as [BOWY85]: 
X - X j y-ya Z - Z j 

XK~XJ y K " y j z k " z j = 0 

X L " X J y l T y J Z L " Z J 
Then the coefficients a,b,c,d can be determined as 

a - C y K _ y J ) ( ζ ι Γ ζ ^ - < V • ZJ } ( yL" yJ 
b = ( Ζ Κ _ Ζ ^ ( XL- XJ } - (xK-' V (ZL"ZJ 
c = ( XK" XJ } ( yL" yJ } - ( yK •yj) (xL"XJ 
d = -(axj + byj + CZj) . 

A list of all such planar surfaces, in terms of their 

coefficients, passing through all the pairs of connecting p-edges is 

formed. It is possible that some duplicate surfaces may be formed, 

these duplicates are deleted. This is done by calculating the 
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perpendicular distances between the two p-vertices of a p-edge and a 

surface. If these perpendicular distances are zero, then that p-edge 

lies on the surface under consideration. After collecting all the 

p-edges which lie on each surface, duplicate surfaces are deleted. 

(Note that simply searching for the duplicate coefficients a,b,c,d is 

not sufficient since these are not normalized. It is possible to 

normalize these coefficients to look for duplicates instead of using the 

method described). 

2.4.2 Generation of p-Edge Closed Loops 

The p-edge closed loops are generated using surface normals 
(see Appendix I). 

The p-edge closed loops are determined by examining all the 

coplanar p-edges by following the turn-to-the-left-most rule. For this 

purpose, any p-edge is chosen as the starting line and a traversal is 

carried out in the same, arbitrarily chosen, direction from one p-edge 

to another. If more than one p-edge meets the p-edge being traversed, 

the p-edge that makes the smallest angle, in the clockwise direction, 

with the current p-edge is chosen as the next p-edge. 

A loop is complete when the starting p-edge is to be traversed 

in the same direction again. If any p-edge is traversed in the opposite 

direction while finding a loop, that p-edge is assumed to be a false 

p-edge and is deleted from the list. Whenever this happens, the process 

goes back to the beginning of Step 4. All the closed p-edge loops, 

lying on a planar surface, are said to have been found when all the 

p-edges on that surface have been traversed in both the directions. 

It is important to find the region that is bounded by each 

p-edge loop, i.e. whether each p-edge loop bounds its inside or outside 



-9-

With respect to figure 4, loop 2 contains loops 1 and 3, loop 

5 contains loops 4 and 6, loop 7 contains loop 8 while loop 10 contains 

loop 9. Note that in all the cases, it is an out-loop which contains 

in-loop(s). 

2.4.3.2 Contained Out-Loops 

In this test we determine if an out-loop is contained in an 

in-loop. Obviously, if it is already determined that an in-loop is 

contained in an out-loop, this test need not be applied for that pair. 

The inside test which determines if a point is inside or 

outside a polygon is used to decide if an out-loop is contained in an 

in-loop. For this purpose, the number of intersections between edges of 

the polygon and a semi infinite line starting from the test point are 

counted. If the count is odd, the point is inside the polygon, 

otherwise the point is outside the polygon [GIL078]. In our case, any 

p-vertex belonging to the out-loop under consideration is used as a test 

point against the in-loop under consideration as the polygon. A number 

of singularities occur during this test, for example, the test point may 

be on an edge of the polygon, or the semi-infinite line may pass through 

one or more of the vertices. If the test point lies on any of the 

p-edges of the in-loop under consideration, then the test point is 

classified as being inside. The semi-infinite line is chosen to pass 

through the mid-point of a p-edge. If that line passes through a 

vertex, another line passing through the mid-point of another p-edge is 

considered [NAGE86]. 

Figure 5 shows the relationships between the p-edge loops of 

figure 4. The in-loop 1 contains three out-loops, namely, 5, 7 and 10. 

A face can be made up of any number of p-edge loops such that one of 
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them describes the external periphery and others being internal to the 

external one but not internals to each other. In this connection, loop 

1 defines the external periphery and loops 5, 7 and 10 must be internal 

to loop 1 but not to each other. However, in this case, loop 7 is also 

inside loop 5. This violates the definition of a face. Whenever an 

in-loop is found to contain more than one out-loop, the inside test is 

applied to the contained out-loops to determine the containment of the 

out-loops in one another. In this case, out-loop 5 is found to contain 

out-loop 7; hence the link from loop 1 to loop 7 is dropped. 

2.4.4 Formation of p-Faces 

p-Faces are now constructed from the p-edge loop relationship 

table. Thus, the p-faces that are generated from figure 5 (keeping in 

mind that the link between loop 1 and loop 7 does not exist any more) 

are shown in figure 6. 

2.4.5 Testing of 2D Dashed Lines 

The dashed lines in the input views are lines obscured by some 

p-face(s). At this stage a p-edge which represents a dashed 2D line is 

identified. Then this p-edge is tested against the different p-faces to 

determine if at least one p-face hides the p-edge when it is projected 

onto that particular view plane. If this condition is not met then that 

p-edge is deleted and the process goes back to the beginning of step 4. 

This test is performed for all the p-edges which represent dashed 2D 

lines in the input views. 

2.4.6 Checking of p-Edges 

Since we are dealing with solid objects, a p-edge should 

belong to at least two non-coplanar p-faces. To determine this 

condition, the number of non-coplanar p-faces to which each p-edge 
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belongs is computed. If this count is less than two, then that p~edge 

is deleted and the process goes back to the beginning of step 4. If 

none of the p-edges is deleted, then the algorithm advances to the next 

step. 

2.5 STEP 5: PROBABLE 3-D SUBOBJECTS 

In this step the p-faces are connected to form p-subobjects 

which are then classified as certain and uncertain p-subobjects. 

2.5.1 Connection of p-Faces 

This phase is analogous to the generation of p-edge loops. 

Each p-face has two sides. The p-edge loops are generated on that side 

of the surface where the surface normal is pointing away from the 

origin; we will denote this side as the negative p-face and the other 

side as the positive p-face. Two p-faces are connected to each other at 

the common p-edge. When more than two p-faces share a p-edge, the 

p-face which makes the minimum face connection angle with the reference 

p-face is selected. To connect p-faces, the cross-product and 

dot-product between the surface normals are used. 

Any p-face is chosen as the starting p-face. With this p-face 

as the reference p-face, the connecting p-faces are found by making use 

of Table I. Next, with any one of the just found p-faces as the 

reference p-face, its connecting p-faces are found. This procedure 

continues until all the connecting p-faces are found. At this stage, a 

p-subobject is said to have been found. In order to find the next 

p-subobject, any p-face that has not been used so far is chosen as the 

reference p-face and the procedure repeated. When both sides of all the 

p-faces have been used, the search for all the p-subobjects is finished. 
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While forming a p-subobject, if both sides of a p-face are required, 

then that p-face is assumed to be a false one and is deleted; the 

process in that case goes back to the beginning of Step 5. 

One of the p-subobjects generated is the infinite subspace 

representing anti-matter, i.e., a hole with matter all around it. This 

is represented by an average face connecting angle of greater than 180°. 

Such p-subject is discarded. An example of p-subobjects is shown in 

figure 7. 

2.5.2 Classification of p-Subobjects 

In order to reduce the time taken by the algorithm by an order 

of magnitude, the p-subobjects are classified into certain and uncertain 

p-subobjects. Those classified as "certain p-subobjects" must be 

contained in the final object. The importance of this classification 

can be seen from the following analysis. If there are η p-subobjects, 

then the possible combinations, N, is given by 

Ν = (") + φ + + ... • <») 

= 2 n - l 

Thus, if n=10, then Ν = 1023. Even if we classify only one p-subobject 

as a certain p-subobject, number of combinations reduce to N=511 and if 

two p-subobjects can be classified as certain p-subobjects, then Ν 

reduces to 255. 

2.5.2.1 Certainty Test 1 

A table containing the p-subobject numbers to which each input 

2D edge belongs is created by taking the three projections of each 

p-subobject and then comparing the projected lines with the input 2D 

lines. Those p-edges of a p-subobject which, sometimes, become partly 

hidden and partly visible when projected onto a plane, are mapped to the 



-13-

appropriate 2D lines of the input views. If a 2D edge is related to 

only one p-subobject, then that p-subobject is essential in the final 

object generation step; hence that p-subobject is classified as a 

certain p-subobject. 

2.5.2.2 Requirement for Certainty Test 2 

All the certain p-subobjects are first assembled together (see 

Section 2.6) and tested against the input views; if this produces a 

perfect match then we have found the solution or one of the solutions 

and there is no need to go through the certainty test 2. 

2.5.2.3 Certainty Test 2 

This test further examines the remaining uncertain 

p-subobjects. Here we examine the dashed lines from the input views. 

We demonstrate this step with the help of an example. As 

shown in figure 8, the three identical input views give rise to 27 

identical p-subobjects. The first test determines that none of the 

p-subobjects is a certain p-subobject because there is no 2D edge in a 

view that uniquely corresponds to any p-subobject. Therefore, the 
27 

possible combinations are 2 -1 = 134,217,727. 

Now referring to the dashed lines, it is necessary to have the 

cubes 1,2,3,4,6,7,8 and 9 to obtain the required dashed lines in the 

front view. Likewise, cubes 1,2,3,10,12,19,20 and 21 are always 

necessary so that the dashed lines in the top view make sense. 

Similarly, looking at the side view, cubes 3,6,9,12,18,21,24 and 27 are 

always required. Thus, the second test has classified 16 p-subobjects 

as certain p-subobjects. This reduces the possible combination to 

= 2047 which represents a huge order of difference in magnitude. 
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2.6 STEP 6; ASSEMBLING AND TESTING 

First, all the certain p-subobjects are assembled to form a 

p-object and projections of this object are tested against the input 

views. If the assembled final p-object gives the same input views, then 

this p-object is one of the final objects or the only final object. 

Then each of the different possible combinations of the uncertain 

p-subobjects is added to the assembly of the certain p-subobjects. The 

projections of this p-object are then tested against the input views to 

determine if it represents a solution. This procedure continues until 

all possible solutions are found by considering all possible combina-

tions . 

While assembling the p-subobjects, some p-faces and p-edges 

may disappear. If a positive p-face of a p-subobject is assembled with 

a negative p-face of another p-subobj ect, then that p-face disappears. 

If two coplanar p-faces which share a p-edge are assembled then the 

shared p-edge disappears because that p-edge is traversed in the 

opposite directions. 

While taking the projections, a p-edge should appear as a 2D 

vertex or as a 2D line. If it is a 2D line, then it should appear as a 

solid 2D line if it is not obscured by any p-face or as a dotted 2D line 

if it is obscured by a p-face. If a solid and a dotted 2D line are 

overlayed, then the resultant line should be a solid line. Some p-edges 

may be partly obscured by p-face(s); in that case the 2D line is broken 

into solid and dotted 2D lines. After getting all the 2D lines, 

collinear 2D lines which are of the same type are joined together and 

stored as a single 2D line. The regenerated 2D lines are compared with 
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the original 2D lines; if they match exactly, then the assembled 

p-object is one of the solutions or the only solution. 

3.0 RESULTS AMD DISCUSSION 

The entire algorithm has been implemented in C on the IRIS 

1400 Silicon Graphics Workstation. The program consists of about 4700 

lines of code including about 700 lines of comments. This program 

accepts the data for orthographic views as input and generates the data 

for p-subobject(s), final object(s) and that required for the ray 

tracing program [DATA86, NAGE86]. The p-subobject(s) and the final 

object(s) are displayed using display programs which make use of the 

graphics capabilities of the host computer. 

Figures 9 to 20 show the input orthographic views and the 

corresponding generated object(s) (which are actually generated as solid 

models in terms of their bounding faces). Table II lists the various 

input and output parameters as well as the time taken to generate the 

solutions. The times may be brought down by further refinements. 

Figures 9 to 17 contain a unique solution each while the 

inputs in figures 18 to 20 have resulted in multiple solutions in each 

case. 

For figures 9 to 15, all the three orthographic views are 

dissimilar. For figures 9 to 13, all the p-subobjects are classified as 

certain p-subobjects, thus quickly giving rise to a unique solution. 

Note that the timings for figures 12 and 13 are relatively large since 

the objects are fairly complex. 

Two input views are similar for figures 16 and 17. The number 

of uncertain p-subobjects for figure 17 is large resulting in a large 

number of combinations. 
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For multiple solution cases, i.e. for figures 18 to 20, the 

number of dissimilar views are 3,2 and 0 respectively. The times taken 

to generate the solutions are 81:03, 19:48 and 40:12 (min:sec.) respec-

tively. The number of combinations of p-subobjects are 31, 63 and 255 

respectively. It is interesting to notice that the time taken to 

generate the 2 solutions of figure 18 is twice that required for gener-

ating 35 solutions of figure 20 although the number of combinations for 

figure 18 is 8 times lesser than that of figure 20. The main reason is 

the complexity of each of the p-subobjects. 

The multiple solutions of figures 18 and 19 are relatively 

easy to understand since each one is different from the others. Many of 

the solutions in figure 20 look identical. However, each one is 

generated by different combinations of the p-subobjects; the complete 

analysis of this case is very interesting and is given in [NAGE86]. 

Figure 21 shows three objects which are realized from the 

orthographic input views using this algorithm and then ray traced with 

the help of a ray tracing algorithm [DATA86]. Figure 21(a) corresponds 

to the object shown in figure 12, whereas, figure 21 (b) corresponds to 

the obj ect shown in f igure 14. The orthographies views given in 

figure 21(c) give rise to the object represented in figure 21(d). 

Based on the above examples, the following observations can be 

made about the algorithm: 

1. The time required for generating a 3D object is directly 

proportional to the complexities of the input views when all the 

input views are dissimilar. 

2. The number of solutions is reduced considerably as the number of 

dissimilar input views increases. In most cases, when all three 
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views are dissimilar, a unique solution is obtained; only in one 

case, two solutions have been found. Three cases, where two input 

views in each case are similar have been considered; two give rise 

to a unique solution each, while the third generates seven 

solutions. One case, where all the input views are similar (i.e. 

no dissimilar views), generates 35 solutions. However, one obvious 

exception is a cube for which three views are identical; here, only 

one solution exists and is found quickly. Thus, in general, no 

direct correlation exists between the number of dissimilar views 

and the time taken by the algorithm. 

3. It is conjectured that more complex the input views, more 

p-subobjects are classified as certain p-subobjects, thus reducing 

the number of combinations and therefore possibly the number of 

solutions. 

4. The time taken for generating the solution(s) increases as the 

number of uncertain p-subobjects increases. 

5. The time taken by the algorithm depends upon the complexities of 

the p-subobjects. 

4.0 CONCLUSIONS 

An algorithm to generate solid objects from the conventional 

three engineering orthographic views has been designed and implemented. 

The complete details of the algorithm are included. The algorithm works 

for objects made up of planar surfaces; i.e. for those orthographic 

views which contain only straight lines (solid and dotted). 

The method in which the probable faces are connected to form 

the probable subobjects is based on the surface normals and the 
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direction of travel of the connecting probable edges. This method has 

proved to be very useful. Although surface normals have been mentioned 

in the literature [MARK81, SAKU83], no details are available. 

The probable subobjects are classified as certain and 

uncertain p-subobjects based on two methods of categorizations. These 

methods are novel, interesting and useful in the sense they reduce the 

number of uncertain p-subobjects drastically thus reducing the time 

taken by the algorithm by an order of magnitude. 

Several illustrative examples have been included to 

demonstrate the variety of cases that can be handled by the algorithm. 

The algorithm successfully generates all possible multiple solutions. 

The time taken by the algorithm depends upon the complexities of the 

input views, the number of p-subobjects, the number of p-subobjects that 

can be categorized as certain and uncertain p-subobjects and the 

complexities of the p-subobjects. 

Further work to accommodate curved surfaces, sectional 

orthographic views, auxiliary views etc. is underway. 
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APPENDIX I 

COMPUTATION OF SURFACE NORMALS 

The p-edge closed loops are generated in a manner which is similar 

to the one proposed by Markowsky and Wesley [MARK80, MARK81 ]. In order 

to generate such loops, surface normals are used. Since every surface 

has two sides, it is assumed that the generation of p-edge loops is 

carried out on that side of the surface where the surface normal points 

away from the origin. The equation of the surface normal which points 

away from the origin is derived as follows (see figure II). 

The equation of a line in space which passes through a point 

(x ,y ,z ) can be written as o o o 

x-x y-y z-z 
— - — = — - r (II) 

where, a unit vector, V, along the line is given by 

V = fi + gi + hk (12) 

where, and k are the unit vectors along the principal axes x, y and 

z, respectively. 

Note that 

x-x y-y z-z 
--=r - ΊΠΓ - ' ( I 3 ) 

also represents the same line as above for s^O. 

Since the equation of the plane is represented as ax+by+cz+d=0, the 

equation of the vector, N, which is normal to the plane can be written 

as 
Ν = ai + bj_ + ck . (14) 

Hence, a unit vector, M, along the normal Ν is given by 
2 2 2 

M = (a¿ + bj_ + ck) /sqrt (a +b +c ), (15) 
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that is, 

M = q(ai + bj_ + ck) (16) 

where, 

q = l/sqrt(a2+b2+c2). (17) 

Now, the equation of the line passing through the origin (i.e. 

xQ=0, yQ=0 and ZQ=0) and along the direction of vector Ν can be written 

as 

χ y ζ 
Φ = Γ ( Ι 8 ) 

or 
χ y ζ 
7 - = - = qr - t . (19) 

Therefore, 

χ = at, y = bt, ζ = et . (110) 

Substituting the values of x, y and ζ in the equation of the plane, 

one obtains 
2 2 2 a t + b t + c t = - d (111) 

or 

t = -d / (a2+b2+c2) . (112) 

By substituting the value t in Equation 110, the equations for x, y 

and ζ can be expressed in terms of the constants a, b, c and d. 

Therefore, the representation of the vector OP which is normal to 

the plane and which also points away from the origin is 

OP: (x-OH + (y-0)j_ + (z-0)k (113) 

or, substituting for x, y, ζ from Eq. (110), 

OP: -d(aî  + b¿ + ck) / (a2+b2+c2) . (114) 

If d=0, that is, if the plane passes through the origin, then the 

equation of the normal, as given by Equation 14 points away from the 

origin and one does not have to consider Equation 114. 
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TABLE I: Connection of p-Faces 

Reference Direction of vector of Direction of Face Side to 
p-face cross product between traversal of Connecting be 

surface normals with the shared angle (with chosen 
respect to the p-edge θ as minimum 
reference p-edge angle between 

surface normals 

o opposite same 360 - θ s 
0 opposite opposite 180 - θ o 
o same same θ s 
0 same opposite 180 + θ o 
s opposite same θ o 
s opposite opposite 180 + θ s 
s same same 360 - θ o 
s same opposite 180 - θ s 

Note: o means the face that bounds the opposite side of the surface 
normal 

s means the face that bounds the same side of the surface normal 
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Figurc 1: Overview of the Various Phases 

+ • 

1. 2D Vertices and 2D Lines 
2. Probable 3D Vertices 
3. Probable 3D Edges (repeat until there is no false 

p-vertex) 
Generation of p-edges 
Checking of p-vertices; (test for false p-vertex) 

4. Probable Faces (repeat until there is no false 
p-edge) 

Determination of planar surfaces 
Generation of p-edge closed loops; (test for 

false p-edge) 
p-Edge loops relationship 
contained in-loops 
contained out-loo ρs 

Formation of p-faces 
Testing of 2D dashed lines; (test for false 

p-edge) 
Checking of p-edges; (test for false p-edge) 

5. Probable 3D Subobjects (repeat until there is no 
false p-face) 

connection of p-faces; (test for false p-face) 
classification of p-subobjects 
certainty test 1 
if required, perform certainty test 2 

6. Assembling and Testing 

Figure 2: Major Steps of the Algorithm 



-26-

Figure 3: Coplanar p-Edges 
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3- In-loop 4. In-loop 5. Out-loop 

In-loop 7. Out-loop 8. In-loop 9. In-loop 10. Out-loop 

Figure 4: p-Edge Loops 
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Figure 5: Relationships of p-Edge Loops 
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Figure 6: ρ-Faces 
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Top 

(a) Input Views 

Fron t Side 

1 

(b) p-Subobjects 

Figure 7: Input Views and Generated p-Subobjects 
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(a) Input Views 

Top 

Front Side 

(b) 27 Identical 
Ç-Subobjects 

Side 
Front 

Figure 8: Input Views and 27 Identical Cubes 
(p-Subobjects) 
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Figure 1 : Example 
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Figure 11: Example 3 

Figure 1 : Example 
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Figure 13: Example 5 

Figure 1 : Example 



Figure 16 : Example 8 
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Figure 18: Example 10 
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Figure 19: Example 11 
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Figure 20: Example 12 
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(d) 

Figure 21: Ray Traced 3D Solids 



-40-

Figure II: Surface Normal Pointing Away from the Origin 


