
How to Draw, for People Who Can't

Introduction

In an age when computer aided design has largely replaced traditional engineering drawing, it is perhaps 
difficult to see any value in a note based on the traditional drawing board.  However, whilst CAD provides 
an excellent means of constructing and maintaining models based on standard primitives, it is not quite so 
easy to draw the basic primitives such as points and lines, nor is it well suited to freehand drawing.  These 
operations are characteristic of the early design phases, whilst ideas are being formulated, and the 
convenience of drawing a line with a single movement of the pencil is more intimately coupled to the 
creativity process than typing in position coordinates, or clicking the mouse in two views of the display.  
This is quite apart from the fact that drawing instruments and pencils are two orders of magnitude cheaper 
than a typical computer, and three orders of magnitude cheaper than the CAD software.

Despite their best efforts, the computer industry has yet to match the intuitive interface of pencil on paper 
which most of us have developed since early childhood.  Similarly, the traditional codex book has yet to be 
beaten in terms of cost and convenience by any electronic means of presenting the written word.  The 
straightforward ergonomics  of pencil, paper and ruler needed for the simplest drawing elements  is 
sidestepped by providing drawing primitives which may be readily transformed into objects or components.

The constructions presented here are intended to assist a drawing process which is largely freehand.  
Applied slavishly all they will do is clutter the drawing with construction lines.  Applied sensibly, they may
provide the framework in which the objects of a scene will bear the correct spatial relationship to one 
another and will bear the correct proportions to each other.

It is a common complaint that certain objects are 'difficult' to draw (e.g. hands), to which the natural artist 
would, with some justification, respond that if you cannot draw hands you cannot draw at all.  This is 
because the most successful technique for training artists is to draw from life, to acquire the discipline of 
observing and drawing what you see.  Most textbooks on the subject appear to be written for those who 
already have this skill.  They seek instead to teach  how to convey mood and emotion through art, rather 
than the mechanics of making marks on paper.

If you wish to improve your drawing skills, you shouldn't be reading text books, but practicing, until the 
skill is acquired.  The natural artist has no need of this note, and I certainly do not presume to teach my 
granny how to suck eggs.  This note is written for the less skilled, in order to provide a route to a higher 
level of competence.

Most of us do not have the time to practice life drawing, and are unlikely to have access to, for example, 
nude models, to perfect our technique.  Similarly, most people are unlikely to have access to any but the 
least capable computer aided design systems, assuming they are computer literate in the first place.  

Complex images present a problem to the less skilled, not because they lack skill in drawing individual 
components, such as a finger or thumb.  The real difficulty is ensuring the elements of the picture bear the 
correct spatial relationships with respect to each other.  The constructions in this note are intended to assist 
in the overall composition of the image, and hence provide this underlying structure.

The methods may provide assistance to the less skilled, but they also will assist the more capable in the 
depiction of objects which do not exist, and consequently cannot be presented as a physical object to be 
drawn from life.

It could be argued that the techniques presented here form a natural extension to the naive child's drawing.  
The child draws objects as he/she knows them to be.  A house is drawn in orthographic projection, with the 
sky as a blue stripe across the top of the picture, depicting the fact that the sky is in fact above the object; 
the direction of view is the one which contains the maximum information about the house.  The internal 
perception of what a house actually is, is what appears on the paper.  This is not what the eye sees, but is 



the memory of a house as experienced by all the senses, summarised on paper, and recognised as such by 
parents, teachers and other children.

As the child develops, the requirement changes from depicting the idea of a house, to drawing a house as it 
appears to the eyes.  Protests that a camera can achieve this more effectively and quicker, invariably fall on 
deaf ears.  We must unlearn actual art and cut out all that comes from within, and learn to observe reality 
and effectively emulate a camera.  Of course, this is not completely possible, as human observers are 
imperfect, some features are accentuated , others are attenuated or ignored altogether. 

Continuously changing features such as the sky or waves on the sea can never be depicted precisely, yet the
mood of the seascape is more effectively captured in the artist's painting than in any snapshot.  Indeed, it is 
in depicting what cannot be drawn from life that the skill of the artist becomes most clearly manifest.

When depicting an object for manufacture, the draughtsman or architect uses the same projection as the 
child, but merely executes the drawing with much greater precision.  This is no coincidence, because the 
orthogonal views present the true dimensions of the object, not dimensions distorted by perspective.  Thus, 
the child who depicts things as they are, chooses side, or occasionally end on, views of ships, locomotives 
and every other subject, observed square-on.  

Like the child, the draughtsman only draws the subject of interest,  the background and context being 
irrelevant to the task of depicting the object asked for.  Thus we quickly become skilled at depicting 
individual elements, but only slowly develop the ability to put the elements together and in context to 
compose the entire scene.

The approach here is to relate how things are known to be to how we actually see them, rather than 
discarding our primitive drawing skills altogether, and starting again from scratch with life drawing. 

The first section deals with parallel projection, which is suitable for small objects whose dimensions are 
small compared with the distance from the observer.  

When this condition no longer applies, perspective distortion is taken into account.

Mathematical Background

There is little sympathy here with the view that science and art form two different, unrelated and competing
cultures.  There is no shame in using scientific method in finding new forms of expression, anymore than it 
need be embarrassing to admit that a great scientific breakthrough was actually inspired by lines from a 
famous poem. 

Probably the greatest turn-off as far as mathematics is concerned, is the fact that little of what we are taught
at an elementary level appears to have any practical application.  Most people are happy with arithmetic, 
because of its close association with handling money, and indeed, calculation is to the majority of people 
the beginning and end of mathematics.  If students cannot see any tangible benefit, is it really surprising 
that they are less inclined to put the intellectual effort into the subject?

The constructions presented in the later sections of this note can be used as mechanical procedures, without
understanding of how they work.  For this reason these sections on background theory may be skipped. 

We are trying to generate a two-dimensional image of a three dimensional object.  We achieve this through 
a branch of mathematics called trigonometry.  Trigonometry is a form of algebra associated with angles.

When we view an object, say a box,  square-on, the vertical and horizontal dimensions are in correct 
proportion with respect to each other.  Rotating the box about a vertical axis, the horizontal length of the 
surface we were viewing appears to become shorter, and the face we couldn't  see comes into view.  As the 



rotation continues, the front face appears to become shorter whilst the side face becomes longer, until 
finally we are viewing the box side-on, and can no longer see the front face.

We only see the true lengths of the box when we view them square-on.  We can construct the intermediate 
image by drawing the box in plan view and projecting downwards.

Alternatively, we can calculate the foreshortening from a knowledge of the properties of angles.

A typical scientific calculator will have function keys marked 'SIN','COS' and 'TAN'.  These have many 
purposes, otherwise they would not be so commonly available.  For the moment we only concern ourselves 



with applying them to the geometry of projection.

Another major turn-off is the addiction mathematicians appear to have for Greek symbols, which is hardly 
consistent with a desire to render the subject matter accessible to an Anglo-Saxon audience.  Grasping the 
ideas of trigonometry is hard enough, without compounding the difficulty by requiring the student to learn 
the Greek alphabet.

We consider the box rotated through angle theta (q).  Denoting the length of the front face a and of the side 
b.  The projections on to the image plane are the distances OA and OB respectively.

If we look at the front face and the distance OA , the angle of rotation lies between them, and a is the 
hypotenuse of a right angled triangle.  For reasons too complicated to explain, the ratio of the projection 
OA to the true length, a is called the cosine of angle q.  A phrase like 'adjacent projection' might be more 
informative, but we are stuck with 'cosine'.  

If we look at the side face, the projection OB is opposite the angle of rotation q.  The ratio of the projection 
OB to the true length b is called the sine of angle.   We can calculate the projection for any angle of rotation
from the formulae:
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just using the 'sin' and 'cos' keys on a typical scientific calculator.

As an example; if the front face is 5cm and side 2cm, the projections of the two faces through an angle of 
20° are:

cmOA

cmOB

7.420cos5

68.020sin2









Vectors

When considering a rotation in a single plane, it is a simple matter to draw the plan view of the rotated box 
and construct the new front view by parallel projection.  If we elevate the sight line, the direct projection 
will not work, and a slightly more complex construction is required.

The derivation requires the ability to transform the positions of points with respect to the axis set in which 
the object is defined; usually an orthographic projection, into an axis set defined by the sight line.

The position of each point on the object is defined as three orthogonal measurements, or position 
coordinates.  If we call the directions x,y and z, we could write the position of the right hand bottom corner 
as:
     0 units in the x direction

a units in the y direction
0 units in the z direction

but this is tedious to write out, so we use a short hand.  For historical reasons, but mainly to avoid 
confusing directions with magnitudes of quantities, the phrase 'units in the x direction'  is written i, 'units in 
the y direction' is written j and 'units in the z direction'; k.

This convention has the x axis along the bottom of the left hand face, and the y axis along the bottom of the
front face.  The z-axis is conventionally the direction a right-handed screw would advance if rotate from the
x direction to the y-direction, in this case downwards.  The axis set is orthogonal (the three axes are 
perpendicular) and right-handed.

Using this notation, the right hand bottom corner  may be written more compactly as:

kjair 00 



The compound quantity, r is known as a vector.  

If we now wish to transform this point into sight line axes, when the body is rotated through angle q, we 
notice, that i, j and k  are actually vectors themselves.  If we can express each of  them in terms of an axis 
set fixed in the sight line, we can express the coordinates of any point on the object as coordinates in the 
sightline axis set.

In order to avoid confusion we will use the triad:

zandyx ˆˆ,ˆ

(say x-hat, y-hat and z-hat) to denote the equivalences to i, j and k in the new axis set.

Since the z axis is common to both axis sets:

kz ˆ

The other two axes may be derived by examining the above diagram:

The sight line x axis is made up of the component x1 in the original x direction (i), and the component x2 in 
the original y direction (j).  Now the length of these reference vectors is always 1 unit (hence they are 
usually called unit vectors), so the right angled triangle having sides x1 and x2 has hypotenuse of length 1.  
So from basic trigonometry:

qq sin,cos 21  xx

kjix 0sincosˆ  qq

By a similar reasoning, but noting that the x-component of the sight line y-axis is in the negative i 
direction:

kjiy 0cossinˆ  qq

The original axes can be expressed in terms of the sightline axes as:
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by Pythagoras' Theorem:

1cossin 22  qq  
Hence the general point on the object, at position (x,y,z):



kzjyixr 

Becomes, in sight line axes:

 
    zzyxyyxxs ˆˆcosˆsinˆsinˆcos  qqqq

Or:

    zzyxyxyxs ˆˆsincosˆsincos  qqqq

We may now rotate the sight line in the vertical plane about the new y axis, and express the vector  in terms
of a third set of axes.  In so doing we will have resolved the point from the original definition axes to the 
final elevated sight line axes.   The expressions are presented in the following section.

The component of position along the sight line cannot be represented directly on the image, but will 
become important when we consider perspective. 

General Relationships

y

x



Plan

A

Aobject

q

z

Vertical Section Through A-A

Figure 1: Sight Line Geometry

The transform from fixed axes to sight line axes involves a rotation of  (psi) around the scene vertical 
axis, followed by a rotation q  (theta) in the vertical plane defined by .  These will be referred to as the 
azimuth and elevation angles respectively.

The sight line is the vector:

kjix qqq sinsincoscoscosˆ 

where i j and k are the unit vectors in the fixed x,y and z directions respectively.



Note: in this convention z is positive downwards.

Taking the sight line y axis as horizontal, it is of the form:

kjiy 0cossinˆ  
 

And the z axis is the vector product of the other two:

 
kjiyxz qqq cossinsinsincosˆˆˆ 

The resolution from fixed to sight line axes is therefore given by the matrix:























qqq



qqq

cossinsincossin

0cossin

sinsincoscoscos

T

the fixed x-axis is:

zyxi ˆcossinˆsinˆcoscos qq 

this is verified by substituting back the sight line axes components:
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The screen cannot display the component along the sight line, although this will be needed to determine 
obscuration and perspective scaling.  The projections on to the screen axes of the fixed axes consist of the y
and z components only.  Hence the projection of the fixed x-axis on to the screen is:

zyi ˆcossinˆsin2 q 
 

similarly the projections of the fixed y and z axes become:
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The projection of the z axis is vertical relative to the screen.  This should be no surprise because the 
sightline y-axis was chosen to be horizontal.  A more complete description would include a further rotation 
about the sightline to characterise, for example, the roll orientation of an aircraft.  This tends to disorientate 
the average observer, so we restrict ourselves to non-rolling observers.
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Relationship Between View angles and Image Parameters
N.B. The Images of the Scene Axes are in the Negative Directions

Figure 2: Screen Axes Geometry

Isometric

The projections of the x and y axes are inclined in this convention downwards to the left and right 
respectively, from the origin (the centre of the field of view).  The image of the x-axis is inclined at:

 q cotsinarctan

to the screen horizontal, whilst the image of the y-axis is inclined at:

 q tansinarctan

evidently, if =45°, 

 q sinarctan

a common choice is:
30

so that :  
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the z axis is foreshortened by this factor.  The images of the y and z axes have equal scaling given by the 
magnitude of the projection of the unit vectors in these directions:
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for the projection of the fixed y-axis this becomes:
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It follows that, using an inclination of 30° for both x and y axes projections, all three axes are scaled by the 
same amount.; hence the name of this technique is isometric projection, because the scale is the same in all 
three projected directions.  The observation direction is 45° in azimuth, 35°15'52'' in elevation.

Normally, it is only necessary to produce an image which has its dimensions in proportion, so the scaling of
the image is ignored and dimensions are transferred directly from an orthographic projection of the object.

Evidently if the azimuth is 45°, the x and y axis scalings will be the same.  An interesting case is if ==45°
q sin1tan 

Or, if the axes are inclined at 45° to the screen horizontal, the view is vertically downwards (or upwards).  
Since the angle between the x and y axes must be 90°, it follows that for any real projection:

90

Trimetric
Using standard set squares, the combination:

0

0

15

45









does not violate the above condition.  Assume the y axis is inclined at the steeper angle:

  3215tantansin

1cotsin
0 



q

q

Or

q tan32sin 

the azimuth angle is:

''4'22270

the elevation is:
q  = 31°10'26''

the scalings are: 
z: cosq = 0.8556
x: 0.65
y:0.9194

This is a tri-metric projection because the scales are different for each projection direction.  Taking the y 
axis scaling as unity, the two other scales become:

z: 0.93
x: 0.71

The x scaling is conveniently determined from a line inclined at 45 degrees, on which dimensions are 
marked and projected to the horizontal.  The z scaling may be taken as unity, but bisecting the 45 degree 
angle and projecting from the line inclined at 22.5° will generate the z scaling quite conveniently and 
accurately.

Using the 30/60 and 45 degree squares, together with a simple angle bisection,  this tri-metric projection 
should prove a straight forward construction.

Restricting ourselves to geometric construction, and using the drawing instruments usually available to the 
draughtsman, we might also consider  the following combinations :

  q  z-scale x-scale y-scale
15° 30° 23.16° 34.26° 0.919 0.65 0.8556
15° 60° 42.94° 21.47° 0.732 0.732 0.9634
30° 45° 49.45° 37.22° 0.65 0.8556 0.919

The first and third may be drawn using the same scaling construction as the 15°/45° case, whilst the second 



is actually dimetric, because two of the three scalings are the same.  In this case, the relative scaling would 
take the y-axis as unity and the z- and x-axes as 0.7569, which can be taken as three-quarters for the 
accuracy required of a picture.  The x and z scales reduce to simple mental arithmetic.

The advantage of this form of trimetric representation is that it may be used to generate left hand and right 
hand views of the object, whilst isometric corresponds to a single view direction (neglecting the fact that 
another set of views may be produced by assuming the sight line is below the horizontal, looking upwards).

Dimetric

The simplicity of isometric projection, of having the same scaling on each axis, has rendered it the 
commonest  pictorial presentation used in manually produced drawings.  However, the  45 degree azimuth 
orientation can lead to confusion, particularly if there is a need to represent hidden detail, or if the object is 
a space-frame structure.  The tri-metric  projection using convenient 45 and 15 degree angles overcomes 
these difficulties but requires three separate scalings.  One possibility is the use of only two, rather than 
three scalings.

The obvious choice is for ==15°, as this ensures that the x and y scalings will be the same.  The azimuth 
remains 45°, whilst the elevation becomes 15.5°.  This immediately yields a z scaling of cos(15.5°)=0.964.  
The x and y scalings are 0.732 for both.  If the z axis scaling is taken as unity, the relative scaling of the x 
and y axes becomes 0.759, which is very close to three-quarters, which may be applied by mental 
arithmetic.  Alternatively, the drawing may be scaled by projecting from a line inclined at 40° to the 
horizontal.

This is quite a convenient presentation which is probably more suitable for architectural drawings, as the 
sight line angle is not so steep - we are observing from a cherry-picker, rather than a helicopter.

It appears that restricting ourselves to the standard drawing squares and parallel motion, a simple geometric
construction and some mental arithmetic, the pictorial drawing options consist of :

• One isometric option
• Two dimetric options
• Three trimetric options

The repertoire is extended by  assuming an adjustable square is available, or we use our two squares to 
project parallel to any given line.  This latter technique requires slightly increased skill because the squares 
are not held rigidly against a parallel motion, but there is no reason in principle why arbitrary axis 
inclinations cannot be used. 

Rather than selecting axis orientations based on the tools in a standard school geometry set, an alternative 
approach would seek to simplify the scaling.  Three quarters isn’t too difficult to deal with, but one half 
would be a lot more convenient.  

Consider the case where the x and z axes have the same scaling, and the y axis scaling is half that of the 
other two.  Denote the scaling  s.  It follows that:
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substituting in the second equation:
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the azimuth angle is:

03.69,
8

1
cos  

the elevation angle is:
047.19q

hence: =7.18°, =41.4°

This is a commonly used dimetric projection, which apart from the inconvenient angles, only requires the 
user to be able to divide by 2.

A very crude approximation to this sets =0, and =45°, with the y axis scaling of 0.5.  This is known as 
oblique projection.

Sprites and Tiles

Early computer games introduced 3D images of the playing area by fixing the view direction and using 2D 
techniques, which require minimal resources compared with modern 3D animation.  Central to this 
approach was a requirement to ensure the lines representing horizontal edges could be represented as an 
integer number of pixels in the screen y and z directions (remember, the convention used here is with the 
screen x-axis perpendicular to the plane of the screen.

With this constraint to use integer values, none of the above projections can be used.  The simplest option is
to ignore the azimuth rotation altogether.  Old favourites like Cannon Fodder use zero azimuth and an 
elevation of 45°,scaling the screen y and z by 1/Ö2, and x axis by unity.  In practice a square tile will be a 
multiple of 710 pixels.

The next most common fixed view angle uses ==arctan(0.5), for which the sight line direction is 45° in 
azimuth and 30° in elevation. 

This looks very similar to isometric but results in tiles which are conveniently 21 in aspect ratio.  The 
most convenient feature of this projection is the calculation of screen coordinates from world coordinates, 
needed to position sprites correctly.  The relationship is:
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The square root of 2 preceding the bracket is a common scale factor which will have no affect on the 
appearance of the image, and can be ignored.  The remaining calculation can be performed with minimal 
overhead. The y coordinate is a straight forward subtraction.  The first part of the z coordinate is a sum 
followed by a left shift (in binary).  Also, the coefficient of zw is within a few percent of 5/4, which is 
evaluated in binary as two right shifts, and an addition followed by two left shifts.  As most sprites are 
expected to represent objects resting on horizontal surfaces, this slightly more involved calculation is only 
needed when they change levels.

These programming tricks, so important in the days when a processor clock speed of 1MHz was standard, 



and games were programmed in machine code to exploit the features of the specific machine to their full, 
are now of academic interest only.

The massive overhead in dealing with multi-faceted targets with arbitrary orientation, view direction and 
illumination direction, whilst maintaining the 70Hz update rate of a typical display becomes less of a 
challenge as the capabilities of modern computers improve.

Arbitrary Orientation

The set of projections derived above should furnish at least one pictorial representation to assist in removal 
of ambiguities which may arise in a conventional orthographic projection.  They may be drawn 
conveniently using the standard 60°30° and 45° set squares.  More typically, however, the orientation of 
individual objects with respect to the sight line is not under the control of the observer, and a more general 
method of construction is needed.  

We start by considering a rotation about the vertical axis (i.e. in the horizontal plane), and we have shown 
that  parallel projection from a plan view will yield the front view.  In fact there is no real need to draw the 
complete plane, all that is needed is the image of the x and y axes expressed in sightline axes.

Construct two lines passing through the vertical through the origin, one inclined at the azimuth angle and 
the other at 90° minus the azimuth angle.  The y dimensions are marked off the former and projected 
downwards, and the x dimensions off the latter and projected downwards.

The construction for both azimuth and elevation is more complicated, but not excessively so.  The easiest  
direction to scale is the vertical axis.  The image of the z axis is also vertical in sightline axes, but is scaled 
by the cosine of the elevation angle.  This is achieved by drawing a vertical line, representing the image of 
the z-axis, and a line inclined at the elevation angle passing through the origin.  Dimensions marked off on 
the inclined line are projected horizontally on to the inclined line.

This is fine for heights on the z axis itself but vertical heights elsewhere in the image need to be projected 
parallel to the images of the x and y axis.  Unlike the single rotation case, these are inclined in the image, 
and each axis has its own scaling.

The simplest option to find the inclination of the x and y axes in the image plane  is to use the formulas of 
the previous sections, and calculate the angles with a scientific calculator.  However, it is not difficult to 
achieve the same end by geometric construction.

We start with the inclinations of the two axes.



Draw a circle of arbitrary radius with centre at the origin, draw horizontal and vertical lines dividing the 
circle into four quadrants.

In the lower right quadrant draw a line inclined to the vertical at the azimuth angle through the origin O 
until it intersects the lower right quadrant.  Project the point of intersection vertically to intersect the 
horizontal line at point A. Continue the line to intersect the upper right hand quadrant 

With centre O and radius OA draw a semi-circle in the upper half of the image.

Draw a line inclined at the elevation angle with respect to the horizontal, passing through the origin and 
intersecting the semi-circle in the upper left hand quadrant at B. Draw a horizontal line through B, 
intersecting the circle and the vertical axis.



Now draw a line in the lower left hand quadrant, inclined at the azimuth angle to the horizontal.  Project the
point of intersection with the circle vertically upwards to intersect the horizontal through B at C.  Join OC, 
this is the image of the x-axis.

The intersection of this line with the axis will be denoted  D.  With radius OD draw a semi-circle centered 
on the origin in the upper quadrants.  Draw a line from the origin in the upper right quadrant inclined at the 
elevation angle to intersect the semi-circle at E.

Draw a horizontal line through E to intersect the vertical line through A at F.

Join OF, this is the image of the y-axis.

This may take a lot of explaining, but the construction becomes quite intuitive with practice.  It involves 
drawing ten lines and three circles, which can be done in less time than it takes to enter the numbers in a 
calculator.

If space is limited, the construction may be adapted so that all construction lines are located in the upper 
semi-circle.

The diagrams have been drawn using the Windows Paint program  and illustrates the difficulty of using 
readily available software for something as basic as drawing concentric circles.  However , the diagrams 
are still adequate to illustrate the construction method
.

The final construction step is drawn in red to help reduce the clutter. 

The scaling is similar to that of the z-axis.  The two construction lines in the lower semi-circle of the 
construction represent the original x and y axes.  Lengths marked out on these lines and projected upwards 
on to the images of the x- and y-axis will be correctly scaled in the new image.  Arbitrary points may be 
drawn by projecting parallel to the images of the x, y and z axes.



Perspective

Our constructions have dealt with the apparent foreshortening  of the dimensions of a body as it rotates 
relative to the observer.  Implicit in this approach is the assumption that the down range dimension of the 
object is always small compared with its distance from the observer.  Also, the lines of sight to each part of 
the object must be more or less parallel.  In short they are adequate to provide a framework for details of 
the scene.

The thesis of this note is that it is not the drawing of details which cause the problems, but of relating the 
elements in a correct spatial relationship.  The common difficulty of drawing hands for example has more 
to do with drawing them in proportion to the rest of the body.  We would envisage the constructions 
considered so far to be used to draw enclosing boxes and similar constructs to provide guides to free hand 
drawing, ensuring that the effect of view direction and spatial orientation of the object, are taken into 
account.  In principle they could be used to slavishly construct an image point by point, but the resulting 
confusing clutter of construction lines will rapidly become counter-productive.

According to some authorities, this accounting for the effects of rotation is included in the technique known
as perspective drawing.  In this note we refer to perspective as the change in scaling with distance from the 
observer.

When considering parallel projection, the distance of the object measured along the sight line, is discarded. 
It is needed however to determine how large the object must appear relative to other objects.  Rather than 
defining a sightline with respect to individual objects, we must determine the sight lines to the objects in 
the scene, and scale them accordingly.

The starting point is not detailed drawing of one or two elements of the image, but a plan of the entire scene
layout, with the position and view direction of the observer.  

Perspective distortion manifests itself as an apparent tapering of  surfaces which are known to be bounded 
by parallel lines.  Railway tracks appear to converge with distance from the observer, as the parts that are 
distant appear smaller than the parts which are close.

In order to represent this, we must know the distances of objects or parts of objects from the observer.  The 
simplest approach is to construct three orthographic views (plan and two elevations) of the scene.  This 
need only include a few principal elements at different ranges from the observer.  The objective is to 
produce enough construction points and lines to ensure correct spatial relationships, but not so many as to 
clutter the paper. 

Lines are drawn from the eye position (E) to the point of interest (O), in plan and elevation.  In the plan 
view, taking O as centre and OE as radius, an arc is drawn intersecting the horizontal at F.



In the elevation plane a horizontal line is drawn through E, intersecting the vertical projection of F at G.  
The distance OG is now the distance of the object from the observer.  This is repeated for all principal 
components of the image.  This method works when the sightlines to the various objects are not parallel, 
however, the commonest representations of perspective assume that sight lines are more or less parallel.

The instantaneous field of view of the human eye is only of the order of 5°, but the eye scans the scene 
continuously, yielding a much wider effective field of view.  The restriction to 5° is only experienced when 
the scansion process is suppressed, resulting in so-called 'tunnel vision'.  The eye may also  move 
deliberately over the images, but it is unusual to require the observer to move his/her head when taking in a 
picture.  The picture may be considered a window on the scene, the size of which depends on the distance 
at which it is to be observed, and the field of regard of the eyes.  

The picture size and the viewing distance typically restricts the range of viewing angles to less than 
20°from the centre of the field of regard.  For the purposes of  pictorial representation, this is close enough 
to parallel. 

If the lines of sight may be treated as parallel, the entire scene may be referred to a single axis set.  

The sight line is expressed in terms of its azimuth () and elevation (q) angles:

kjix qqq sinsincoscoscosˆ 

It follows that  the general point in the scene at x,y,z is at a distance:
qqq sinsincoscoscos zyxd 

This is easier to calculate than the general case, but does not appear any easier to construct.  It is the 
calculation invariably used in computer codes to calculate perspective distortion and obscuration.



This technique is known as linear perspective and is frequently used because straight lines on the object 
remain straight, whereas true perspective distortion introduces a slight curvature.  The usefulness of linear 
perspective becomes more obvious when we consider the scaling introduced by distance.

From the above diagram:
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So the further the object is from the observer, the smaller the image.  Now if objects are in the field of view 
at considerable distance from the observer, they may be taken to have zero size.  Hence a road which has a 
finite width in the foreground tapers way to a point on the horizon.

By depicting a horizon as a horizontal construction line, all parallel lines whether separated vertically or 
horizontally, will taper to a point when they meet the horizon.  This is called the vanishing point.



The bottom (or top) corner of the object is constructed from the sight line direction using the techniques 
described in the earlier sections.  The x and y axes are extended to the horizon to locate the vanishing 
points.

The apparent size of the object is inversely proportional to the true distance from the observer, so we need a
means of constructing  an inverse relationship.

In the above diagram, the distance OQ is inversely proportional to the distance OP, so the construction 
should furnish a means of scaling dimensions with range.

The procedure consists of first drawing a horizontal line segment OP, which to some convenient scale 
represents the distance of the object from the observer.  Draw a semi-circle on OP, then draw a circular arc 
of arbitrary radius  r, less than that of the semi-circle intersecting it at N.  Join NP and bisect it at M.  With 



centre M and radius MP, mark off point Q on OP.  It can be shown that:
2rOQOP 

so that OQ is proportional to the reciprocal of OP.

We take OQ as proportional to the apparent unit length of an object at a known distance.  The absolute 
value of this unit length as it appears in the image does not really matter, but once it has been defined , all 
other lengths must be correctly scaled to it to account for distance and orientation of the object.

If the unit length at the reference point in the image is the length of  AB, draw AB parallel to OQ.  Extend 
AO to intersect BQ produced at C.  The reference length at other distances from the observer is found by 
re-drawing OP to the new scaled range and repeating the construction but keeping the radius r of the arc 
centred on O constant.  This generates a new intersection on OP, call it Q'.  Draw a line from C through Q' 
to intersect AB at B'.  AB' is the scaled length for the region in the image corresponding to the new 
distance.

Discussion
It is an almost unique characteristic of the human race that where natural ability ends, intellect takes over to
offset physical weakness.  No blacksmith could match the precision needed to make almost any modern 
consumer product, and craft skills in the modern world are relegated to the secondary role of ornament and 
embellishment.  

The craftsman has been superseded by the technician and the engineer.  Rather than generating products 
from raw materials, the modern craftsman assembles accurately machined  factory produced components.  
Some disciplines, such as electronics or computing, have no discernable craft level at all.  They are strictly 
the domain of the technician and the abstract thinker. 

As craft level activity is displaced by machine, the skills associated with the product become more 
intellectual in nature.

Precision and scientific knowledge have largely displaced the intuition of the craftsman,  and as 
requirements for products become more demanding, form becomes ever more dictated by function.  It is no 
accident that aircraft designed for similar roles by arch-rivals look the same.  It is not a matter of taste, but 
of what the laws of physics dictate.

The devaluation of craft skills, and with them art itself, has probably been the principal driving force 



behind the anti-technology culture which has emerged in the prosperous West in recent years.  The high 
priests of technology, once referred to affectionately and respectfully as 'boffins', have become 
contemptible 'nerds'.  Ignorance now is apparently an asset, as well as being bliss.

The ennoblement of the spirit, which ought to be a product of art , appears to manifest itself as a smug  
arrogance, or just plain old-fashioned snobbery, neither of which are attributes the general public would 
associate with any form of ennoblement.  Hence it is of no concern that there is little here that will be of 
interest to 'real' artists.

The constructions presented here represent drawing explicitly as a transformation from real world 
definition to a two dimensional image, by representing the distortions involved explicitly.  They are not a 
substitute for life drawing, but provide a route by which the less dexterous may produce passable images.  
Central to this note is the assumption that most children quite quickly acquire the ability to express what is 
in their minds on paper, and most go on to recognise that viewing direction renders side and top partially 
visible, although distorted.

This type of skill, which originates from within, can readily express imagination and memory, and can 
translate a verbal description into a visual image.  What it lacks is the ability to draw things as they actually
appear.  Many master the rotational distortion, but fail to compose the entire image such that each element 
is oriented and scaled correctly with respect to every other element.

The intention of the constructions presented is to enable boxes of the correct proportions and orientations to
be constructed around the main components of the image, to provide a basic framework on which the 
remainder of the image may be hung.  Their application requires a certain ingenuity, which should quickly 
come from practice.


