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Fig. 1


This sketch from HLB’s Boston office is an early iteration of a design diagram intended to visualize complex research data in a way that will make it clearer to both the design teams and the client.


Why read this book?


Sketching remains the fastest and most direct method for designers to get ideas out on paper, whether they work in a collaborative setting or solve problems alone. It can be differentiated from drawing by its level of refinement: drawing tends to be more deliberate and accurate, following on from the initial sketching process. Sketching should not, however, be thought of as simply giving form to objects and spaces; it should be seen more universally as a tool for thinking, planning, and exploring. It is used by a wide range of people including scientists, mathematicians, engineers, economists, and coaches to help explain, provide instruction, or simply think “aloud” on paper. In a world of increasingly complex and instantaneous information, quickly sketched visualizations can help simplify and compress data far more efficiently than language. Sketching can also help visualize interactions or scenarios for smart devices such as mobile phones or services more generally.


Sketching, like writing, works in two ways—it can be active (like writing) or receptive (like reading)—but it is different to writing primarily because of its immediacy: sketched marks often correspond one-to-one with what they represent. And while some technical knowledge might be required to understand technical drawings, most sketches can be “read” by anyone, anywhere, with seemingly little effort.


Drawing’s real power lies in its immediacy and speed; its capacity to materialize thoughts and ideas quickly so that they can be expanded upon or shared before they disappear. The designer uses lines and marks to shepherd ideas into existence while they are still only partially formed in his or her mind.


This process—a cumulative rather than linear one—allows the designer to go back to a sketch and add to, or subtract from, it or simply revisit ideas on paper and continue the thinking process begun earlier. Such sketch ideation is not simply a matter of documentation or observation; instead it is a highly creative and dynamic act where the power and poetry of line can capture character and begin defining form or clarifying connections thereby enhancing communication. Sketching can be used to show cause and effect, time-based interactions, or form factors.
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Fig. 2


The design process is extremely varied. It relies on many different ways of recording, organizing, and refining ideas including: Post-it notes, quick sketched doodles or handwritten notes, color coding or spatial organization, diagramming, and flowcharting. Sketching is vital to every one of these methods because of its speed and provisional nature.
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Fig. 3


The many ways in which sketching can assist in the design process include general diagrams, cause and effect sketches, quick ideation sketches, scenario-based sketches, and concept renderings. While all these forms are different they also have a great deal in common.
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Fig. 4


These storyboard sketches from Gravity Tank are used as a preliminary tool to flesh out a particular problem or set of issues. The simple “cartoonish” sketches provide a quick and approximate method for getting the details of potential stories out, and are a refined way to envision potentially larger and more detailed stories. The final deliverable presented to the client is often a high-fidelity video presentation with sound and minimal animation, to create an engaging and captivating story.


Over time these skills evolve into a singular, consolidated method as the designer matures and gains the confidence required to push and pull unrealized ideas on paper or a computer screen. Understanding the ways in which these skills can work separately, as well as how they can be leveraged and merged for stronger visualizations, is critical to any design practice. Sketching, drawing, and visualization in general become inseparable from design thinking.


In order to create a bridge between freehand sketching skills and digitalbased visualization tools, I have devised a unique system that utilizes the language and techniques of both approaches: analog and digital. The method is grounded in the long and rich history of perspective, which informs contemporary computer software, as well as current and past theories of the cognition and vision so critical to understanding how humans see and think. The explanations and tutorials in this book clearly demonstrate how to visualize ideas quickly and effectively. Applying the logic and processes of computer-aided design to analog sketching helps to amplify and clarify many drawing techniques while allowing for a smoother transition between paper and computer.


For this book, hundreds of hand-drawn sketches have been scanned or re-traced in the computer and line art from computer models has been created specifically to demonstrate the connection between the analog and digital. The reader will learn to think fluidly in a three-dimensional world and, through practice, be capable of building complex design ideas that are structurally sound and visually clear. Central to the book is the idea that many design disciplines are blurring their boundaries. Skills that have been important to architects and industrial designers are becoming equally important to illustrators and information designers, and vice versa. This is reflected in the reality that designers (of every discipline) are using similar digital tools (vector-based graphics, raster-based photo manipulation software tools, computer-aided design, and time-based animation software).


Using this book


Learning to sketch and draw effectively is not merely a technical skill but one that requires a deeper understanding of the mechanics of vision, cognition, and representation. The history and evolution of drawing is amplified by the history of human psychology, creating a powerful and unified narrative (chapter 1, Understanding Sketching and Chapter 2, The Psychology of Sketching). While many students feel strongly that sketching and drawing are innate abilities, I believe that anyone can learn to draw if they are provided with clear explanations, instructions, and properly paced exercises. For this reason the book is structured around a single narrative that merges history and theory, and gives in-depth explanations alongside step-by-step demonstrations.
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Fig. 5


The sketch by Mexico City-based designer Emiliano Godoy represents an exploration process to define the concept of the cup and saucer in the photograph. While the sketch bears similarities to the photograph it also leverages sectional details, various orthographic views, and shading to help understand the form.
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Fig. 6


This scenario from Teague Design is intended to communicate a particular type of on-screen interaction. Sketching in low fidelity over time can help the designer get ideas out quickly for later refinement. See chapter 8 (Exploring Forms in Space) for more detail.





The first two chapters introduce students to the history and psychology of drawing. Chapters 3 and 4 are foundational and delve into the mechanics of visualization and its connection to visual thinking. Chapters 5, 6, and 7 discuss processes and focus on the particulars of form and line, demonstrating just how critical these are to confident design ideation. Chapters 8, 9, and 10 deal with application and are concerned with issues beyond simple sketching, including color, explanation, articulation, information graphics, and composition. All these can help take good design ideation to the next level and make it easier for a client or colleague to engage with it. Finally, chapter 11 discusses how the skills and processes described in the previous chapters can be combined at the macro level of creating design stories.


As anyone who sketches easily and effectively knows, sketching can be a transcendent process—if the pen were to suddenly run out of ink the thinking process would grind to a halt. Ideas seem to flow from the brain through the pen and onto the paper; and occasionally onto the computer screen. For individuals who are not proficient in sketching the process can be slow and tedious. If learning to sketch can be compared to learning to ride a bike, there is a moment when they simply have to let go and “experience” the freedom that speed and confidence in sketching can provide. For this reason, the physical connection to the act of drawing is central to this book. Designers, like dancers, musicians, and athletes, need to build “muscle memory” in order to make the most of their skills. Repeating the tutorials is designed to flex those muscles.


When sketching is mastered the designer should feel as though he or she is creating on paper; making rather than merely recording. For this reason, I have searched for clear analogies, examples, and metaphors wherever possible to provide a mental map of what is going on at every level. I have personally created the majority of the visual explanations in the book, relying on the same techniques I teach, including analog sketching, computer-aided design, and graphic illustration, to ensure continuity. In the cases where I have included examples from other designers to help amplify the book’s central themes I have included contextualized captions and credits.
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The natural ambiguity of lines


The first thing a student needs to understand is that lines do not really exist in nature, yet lines and edges are primarily what designers rely on to sketch ideas. There are no lines in flowers or fruit or faces or fish, only outlines and edges, both of which change as the object or the viewer moves. The photograph of my daughter (Fig. 1) can be reduced to a series of curves and contours (re-traced in Adobe Illustrator) that define recognizable shapes such as eyes, lips, and ears. These natural features and openings are defined by their edges and occasionally, like the internal lines of the lips, by their contours.
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Fig. 1


The photograph represents the highest fidelity image, while the traced sketch represents the lowest fidelity. Adding contour lines raises the fidelity slightly, making it easier to understand the three-dimensionality of the face. Shading and shadows on a sketch can also increase fidelity.





The skin’s surface, however, is a continuous membrane of flesh no different to the skin of an orange. It masks the underlying structure of the skull much as the smooth surface of a plastic object hides the geometry of its internal structure. Let’s use the example of an inner tube (or torus in CAD terminology), which can be fiendishly difficult to draw given the fact that the skin is a continuous uninterrupted surface—like an orange skin or as on a face. Only a seasoned sketcher could draw this object using only three or four lines or arcs. The most direct method is to construct the form out of sections, which requires knowledge of the internal form. This is precisely what a computer program does. The addition of modeling (shading and shadow) along with highlights helps to better define the form’s three-dimensionality. In order to draw a partial torus, the most effective way is to create the whole wireframe and then cut away what is not needed. So while drawing accurate linework is crucial to good visualizations there are many other things to consider, including reflectivity, point of view, direction or orientation, and fidelity.


Fidelity is one of the most crucial terms used throughout this book to differentiate between the various modes of realism in visualization. The term high fidelity (hi-fi) dates back to the 1930s when it was used to refer to audio or visual images that were so realistic as to be indistinguishable from the original. The term lives on in the design world to differentiate refined and realistic from quick and schematic. Interaction designers and industrial designers alike use it in sketching or wireframing to distinguish quick initial ideas from more resolved and refined ones. The term is used throughout the book.
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Fig. 2
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Fig. 3


This sketch of a water pitcher includes shadows and highlights, and can therefore be considered “high fidelity.”


Fidelity is also a critical term in sketching and prototyping. Quick sketches tend to be low fidelity (low level of realism) while tighter line drawings (like the one of my daughter, for example) could be thought of as medium fidelity (realistic enough to be recognizable as my daughter).


While a photograph is the ideal example of high fidelity, a tight line drawing that has been rendered, as in the water pitcher (fig. 3), to include shade, shadow, and highlights can also be considered high fidelity. Fidelity is ultimately about tricking the eye much as a realistic painting does. But the designer has to be able to create the accurate sketch geometry of an object in order to raise the fidelity that comes through rendering light, color, shade, and shadow. Knowing when lower fidelity sketches are more appropriate than higher fidelity ones is a key aspect of any designer’s workflow.


Why Sketching in an age of computing?


Students often ask why they need to learn to draw at all when they can get the job done with a computer. My standard response is that they will only get out of the computer what they are able to put in to it (garbage in = garbage out). Software cannot miraculously visualize what someone is thinking but requires specific input, which in turn requires knowledge of sketching and drawing—a perfect loop with each process informing the other. While computer-aided design softwares differ in their fundamental approaches to creating geometry (surfaces versus solids, for example) they all require the designer to “build” form through sketching using the same types of geometry—lines, arcs, circles, curves, etc. (see fig. 4).
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Fig. 4


Sketching on a flat sheet of paper is very similar to “building” on a flat computer screen. There is always an underlying structure to objects, whether sketched or built, and even the process of manipulation can be very similar—such as removing a slice from an object or filleting the edge of a cube.


Let’s look at a single example: a detergent bottle. The illustrations in fig. 5 show a few steps from the sketching process. Note that the sketches in this case are largely confined to flat planes as they would be in many CAD programs, and serve as boundary edges that define the object’s primary sectional geometry. The screen shot (fig. 6) shows the very beginnings of a surface model of a similar detergent bottle created in SolidWorks—the one surface is comprised of five separate sketches. The designer, whether working in analog or digital modes, goes through a very similar process to arrive at the final form. The more aligned these activities become the easier it will be to transition back-and-forth. This is the goal of the book: to bring these activities together by interrelating their processes and vocabulary.


Thinking about computer-aided design software as an entirely new technology is to miss the close connection between these modes of drawing. CAD combines the logic of the original projection systems—from orthographic to three-point perspective—and translates it through complex algorithms and well-designed interfaces into software that describes geometric form digitally.
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Fig. 5


Building computer models is like “building” design sketches. The two processes complement each other and require knowledge of planes, projection, dominant and subordinate curves, and operations like trimming or extending surfaces.
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Fig. 6


The two sets of languages, while not identical, are intimately related as indicated in the hand sketches for a detergent bottle (fig. 5) and the SolidWorks screen shot of an initial surface for a detergent bottle (left).





In the illustration below (fig. 7) I have overlaid Paolo Uccello’s original fifteenth-century drawing of a chalice with a sectional profile that was then revolved 90 degrees (in red). The computer-generated form lines up with the original Renaissance drawing surprisingly well. I created this 3D model not using CAD software but rather a vector-based illustration tool, Adobe Illustrator, which now has some simple CAD-like capabilities incorporated into the software. The sophistication of Uccello’s drawing reminds us that Renaissance artists understood the underlying laws of geometric projection; these laws have been further codified into digital software including 2D graphic software.


The freehand sketch of a Thermos (fig. 9) relies on knowledge of orthographic projection as well as an ability to imagine the resulting form when it is revolved 360 degrees in space. The act of sketching a series of circles (in perspective) along a central axis, all of which touch a dominant profile, is analogous to a revolve in a computer-aided design program. In fact, it could be argued that extrusions, lofts, sweeps, and most other CAD features are created in nearly identical fashion when sketching freehand. This connection between CAD and sketching is examined further in chapter 6 and chapter 8.
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Fig. 7


Uccello’s famous chalice predates CAD wireframes by 500 years. What appears to be a polygonal surface model was carefully crafted using the techniques of perspective and orthographic projection discussed on page 19.
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Fig. 8


Statue of Filippo Brunelleschi in Florence, Italy.


Milestones in the evolution of drawing


Paolo Uccello’s chalice drawing shows just how closely related fifteenth-century manual perspective drawing is to twentieth-century computer modeling. And while Uccello’s wireframe is static and can neither be rotated nor zoomed its construction builds on the foundation first established by Filippo Brunelleschi (1377–1446) and later codified by his friend Leon Battista Alberti. Artists including Pierro della Francesca, Leonardo da Vinci, and Albrecht Dürer continued to refine the practical knowledge while mathematicians like Girard Desargues, Simon Stevin, and others developed and refined the theories. Computer modeling is now going through a similar evolution, and its refinement owes a huge debt of gratitude to these earliest pioneers, who not only empirically worked out perspective methods but then codified that knowledge into instructions much like the modern-day algorithms that run software. Oxford professor Martin Kemp describes it this way in his book Visualizations: The Nature Book of Art and Science: “When we look into the implicit ‘boxes’ of space behind the screens of our televisions or computers, we are distant legatees of Brunelleschi’s vision.”


Filippo Brunelleschi (fig. 8) was an Italian architect and engineer who was responsible for designing, engineering, and overseeing the construction of the dome for the cathedral Santa Maria del Fiore (known as the Duomo) in Florence in the fifteenth century. Although formally trained as a goldsmith, like so many artists of the time, Brunelleschi moved into architecture and engineering quite naturally, merging his knowledge from multiple disciplines (especially mathematics and geometry) with a hands-on sensibility for material and process. He sought to prove the systematic nature of vision and representation through an empirical method now referred to as Brunelleschi’s “peepshow” (see over the page).
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Fig. 9


The insulated Thermos is sketched and modeled in analogous ways.







Idea


Brunelleschi’s peepshow, as the apparatus is often called, was an ingenious empirical demonstration of perspective. The architect painted a perspectival depiction of the baptistery of San Giovanni in Florence on a panel and drilled a hole through it corresponding with the central vanishing point. Brunelleschi then held the panel with the front facing the baptistry and the back opposite his eye. In this way he could stare through the painting at the actual baptistry. By holding a mirror in front of the painting he could see projected the painted image. By removing and returning the mirror to the same position he could easily verify how close to reality his image actually was.
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In this illustration Brunelleschi peers through the back of the painting he made of the baptistry at a mirror that reflects back the image. He has aligned the painted image to correspond as closely as possible to the real building. By removing the mirror he quickly sees the actual structure. Returning the mirror he can compare the painted image to the reality.
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Here, Brunelleschi has positioned himself directly in front of the octagonal baptistry building at precisely the correct distance so that his painting of the baptistry corresponds 1:1 with the actual building. In his left hand he holds the mirror with the reflected image from the painting. In his right hand he holds the painting with the back facing him and a small hole to peer through.


Innovation


Brunelleschi demonstrated the existence of a direct link between human vision and projected reality. His mirror proved that reality can be captured accurately and displayed on a flat surface. The image coming into the eye (cone of vision) corresponded to the network of lines receding to a central vanishing point. As the viewer changes orientation, the network of lines changes accordingly.


Alberti formalized and codified the peepshow method in his treatise “Della Pittura” (On Painting), 1435–6. Perhaps the most astonishing thing about this book is that it contains only text. While Brunelleschi relied largely on drawings to prove his method, Alberti, who was trained as a lawyer before turning to architecture and the arts, relied entirely on textual descriptions. The illustrations that appear in modern translations were subsequently added as an appendix. While it might seem improbable to describe a visual process through words alone, both Ptolemy’s Geographia and Euclid’s Elements were also based more on descriptions than visualizations.


Pythagoras (sixth century BC) and Euclid (fourth to third century BC) were among the first individuals to detect a system of logic behind numerical phenomena. They provided a mathematical language for describing geometry—point, line, and plane—in addition to a repeatable method for creating regular forms such as equilateral triangles and polygons. These simple descriptions were used to develop more complex axioms and propositions. Euclid’s descriptions of a line, for example, are terse and exact: “A line is length without breadth,” and “The extremities of a line are points.” Such a descriptive step-by-step accounting is essentially an algorithm, which the dictionary defines as: “A process or set of rules to be followed in calculations or other problem-solving operations.” Euclid’s Elements, which was revived in the fifteenth century and became the most widely printed book after The Bible, provided a foundation for perspective drawing as well as a model for the logic of computing nearly 2,500 years later.
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The octagonal plan of the baptistery makes it relatively easy to draw using Florentine workshop methods based on grids. Well constructed tile patterns commonly appeared in Renaissance paintings before the codification of perspective.
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Defining geometry in a manner that everyone can agree on is difficult. Euclid defines a line as length without breadth, while Alberti defines it as a point extended directly in space. A plane is a series of lines side-by-side, and finally a volume is a series of planes stacked one on top of the other. A line, therefore, might be considered one dimensional; a plane is two dimensional; a volume is three dimensional. A line has only length; a plane has length and width; a volume has length, width, and depth.


Alberti, in his treatise, transformed Euclid’s system into a far more practical method. His description of a line, for example, while reminiscent of Euclid’s, is far more visual: “A straight line is drawn directly from one point to another as an extended point. The curved line is not straight from one point to another but rather looks like a drawn bow. More lines, like threads woven together in a cloth, make a plane.” These descriptions provided apt visual counterparts for other artists struggling to understand this new codified system of drawing.


Idea


Alberti improved Brunelleschi’s system by adding a second plane (picture plane) through which the viewer’s line of sight is intersected, resulting in accurate transversals (the lines that determine depth on a tile floor, for example). These intersecting points are projected across to intersect with the orthogonals that recede back to the vanishing point.
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The cone or pyramid of vision is illustrated in red. Changing the distance or orientation of the object or the viewer (vantage point) changes the image on the retina of the eye.


Innovation


The picture plane (often referred to as Alberti’s window) provided a useful metaphor for thinking about vision and representation. Euclid had previously defined vision as a cone constructed of visual rays with the vertex at the center of the retina. This “cone of vision” (also known as the visual pyramid) intersects the flat picture plane (see illustration above) resulting in an image seen from a specific vantage point. Change the vantage point (angle of view) or the distance from an object and the image changes with it (see left illustration).


The base of the cone or pyramid is defined by the plane furthest away. When looking straight out on to the horizon the depth of view is infinite. When staring at an object on the floor the depth is finite: the cone of vision ends at the floor like the beam of a flashlight.


Alberti’s metaphor of the window, which acts like a flat but transparent plane that captures the depth of any view and flattens it on to a two-dimensional surface, was critical to the evolution of perspective.
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This photograph taken through a window in Hagia Sofia has been re-traced to illustrate Alberti’s idea of the picture plane as window.





The Italian painter and mathematician Piero della Francesca (1415–92) further consolidated the ideas developed by Brunelleschi and Alberti, adding greater rigor and method. Art historian and author James Elkins describes Piero’s proces; “Before they can be used in the proof, rays must become lines, ‘eyes’ points, and angles triangles.” Piero managed to translate the power of geometry into a language of drawing, and in the process connected the accuracy of orthographic projection to the dynamism of one-point perspective; validated by the power of the diagonal, which serves as a verification tool for the exact placement of every nodal point in the perspective view. A kind of hinge exists between the orthogonal and perspectival planes, around which the orthographic projection swings into perspectival space. The diagonal, in conjunction with the boundaries of the plane and orthogonal and transversal lines, allowed for the creation of a reliable network of intersecting lines and resulting nodal points that connected the flat orthographic view on the face with the perspectival view on top (fig. 10)


The sequence below (fig. 11) shows how the pentagon is slowly mapped point for point from the front plane (orthographic front view) up to a one-point perspective view on top of the cube. The diagonal on the top plane is a “mirror reflection” of the diagonal on the front plane, only viewed in perspective.
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Fig. 10


The illustration demonstrates the multiple steps involved in mapping a single point from the orthographic view to what will become a perspective view (one-point perspective). The diagonal in conjunction with the single vanishing point makes all of this possible.
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Fig. 11


Each of the pentagon’s vertices on the front plane is run orthogonally over to the diagonal, and then orthogonally up to the top plane where it is projected back towards the single vanishing point as a transversal line. Before reaching the vanishing point it intersects the top diagonal, which is then projected orthogonally. This orthogonal line will intersect with the second projection of the same point to form a nodal point of intersection. This process is repeated for every point.







Idea


Piero della Francesca put perspective on a firmer footing by extending what his predecessors had done. His deep understanding of mathematics and geometry, combined with the practical experience he gained in Florentine workshops, allowed him to connect perspective more directly to orthographic projection. On the left is a pentagon in plan view “hinged” to a perspectival plane upon which the same pentagon is drawn. The diagonal cuts through both views providing a critical reference line in the perspective view to help define locations of critical nodal points in space.
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Innovation


Piero established a clear and mutual relationship between an orthographic view hinged to a perspectival view via the diagonal. Critical points in the orthographic view are projected through vertical and horizontal lines along the diagonal up to the perspectival plane where they are accurately mapped in space.
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Fig. 12


Piero’s method reconciles the power of orthographic with that of perspective. In contemporary terms this is the process a designer would employ to “chase” points quickly up, down, and around a sketch to establish crucial geometry for rapid ideation sketching. This process is about speed over accuracy.


The “rediscovery” of perspective initially focused on reliably reproducing what was already present: the baptistery of San Giovanni, for example. However, artists and engineers realized that they did not have to mimic (mirror-like) the preexisting reality demonstrated by Brunelleschi’s peepshow, but could use it to help invent new worlds or new artifacts. The engineer Mariano Taccola was using sketching as an exploration tool by the middle of the fifteenth century, but it was the German artist Albrecht Dürer (1471–1528) and his Italian contemporary Leonardo da Vinci (1452–1519) who leveraged this emerging visualization technology to portray reality as well as to explore physical phenomena and quantify form.


Dürer took Alberti’s window to the next level by building an operable window frame with a sheet of parchment substituting for the glass pane, which could be swung open for charting points and then closed for plotting them (see fig. 13). This primitive perspective machine required two people to operate it. One of them held a taut piece of string connected to a pointer or stylus at any point on an object while the other moved a type of crosshair, or adjustable set of vertical and horizontal strings, to mark each coordinate within the frame. Once the crosshair was set the string was withdrawn and the window closed, so that the point could be pierced into the parchment, thus creating an accurate constellation of points by which to map the object.


Drawing involved connecting the dots; a process described earlier by Piero della Francesca where the rays are lines and the eyes are points. Dürer’s first perspective machine was refined by adding an actual gridded window and a stationary eyepiece to help focus the artist’s sight while he translated the information to a similarly gridded or mirrored sheet of paper placed on a table (fig. 14). The whole process was anything but intuitive and fast, but it did deepen the theoretical foundation upon which perspective was grounded; and anticipated the Cartesian coordinate system developed more than 100 years later by the French mathematician René Descartes (see p. 83, The scaffold metaphor).
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Fig. 13


Albrecht Dürer built some of the earliest “perspective machines” to help codify the drawing process. The metaphor of the “window” has persisted all the way up to the present day of computer aided design.
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Fig. 14


Another Dürer machine used a stationary point and a “gridded window” through which to view the object as an aid to accurate drawing.




Idea


The gridded picture plane as further refined by Dürer allowed for the accurate mapping of any object. In fact, Dürer applied drawing systems to the exploration of many problems including an early form of descriptive geometry, human proportions, and physiognomy. Dürer’s primitive perspective machine provided tangible proof of earlier theories of perspective by physically connecting the “rays” of vision to the object through a “window” or gridded frame. As primitive as this system might seem, it is a precursor of early computer drafting programs like Ivan Sutherland’s Sketchpad, working as it does off a system of inputted points plotted in space.
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Rays of vision are captured as points in Dürer’s gridded window frame. This approach can be thought of as a precursor to early CAD programs where points are physically plotted in space with a pen tool.


Innovation


When viewing objects in a natural setting or in a built environment such as a building or other structure, the vanishing points will converge on the natural horizon line. This same horizon line will cut through the eye level of every person standing in the landscape, regardless of how far away they are (see bottom picture).
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