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Introduction

When I started out in photography, one of the things I found most frustrating was that my camera seemed to have a totally different view of the world to me. Where I saw a glorious sunset, my camera saw an overexposed wash of pale colors; where I saw clouds floating over a beautiful landscape, my camera saw a flat white sky, or a dark foreground, or both; and backlit portraits would all end up as silhouettes. With practice, I learnt a variety of techniques that improved my photography: using exposure compensation, setting my camera to Manual, and using different metering patterns to assess a scene. In other words, I developed a better understanding of how to compensate for the various ways in which my camera’s perception of the world was more limited than my own.

At the same time, I also learnt that there are some shots that you just can’t take—at least not without using additional lighting, reflectors, neutral density graduated filters, and so on. These are the shots where the contrast is so high that some areas of the image will end up overexposed, underexposed, or both. The problem is that while our eyes can see a full range of tones in these high contrast scenes, our digital cameras cannot.

This problem isn’t a new one, and the earliest photographers looked for different ways to record high contrast, or “high dynamic range” images. In the 1850s, Gustave Le Gray produced a number of dramatic seascapes constructed from two negatives—one exposed for the sea, the other for the sky. He cut both negatives along the horizon, then used the two parts to create a single photographic print. In this way he was able to capture all of the detail in the scene, which would have been impossible with a single exposure. Motivated by the same problem, Charles Wyckoff developed a wide dynamic range film composed of three layers, each of which had a different sensitivity to light. He used this to produce photographs of nuclear explosions, which first appeared on the cover of Life magazine in the 1940s.

But it wasn’t until much more recently that what we now commonly refer to as High Dynamic Range, or HDR, photography began to develop. In 1985, Gregory Ward created the Radiance RGBE file format for HDR images—a format that is still in use today—while in 1993, Steve Mann reported creating a tone mapped image from a sequence of exposures of normal digital images. The idea was simple—shoot a sequence of exposures that covered the full brightness range of the image, and combine them into a single, high dynamic range picture that would contain detail in everything from the brightest highlight to the deepest, darkest shadow.

This sounds straightforward, but there are numerous issues that can make it far from easy. To start with, you need to be able to meter the scene to calculate the number of exposures to make sure to capture the entire dynamic range. You also need to know how to deal with any significant movement between the frames, and you have to understand how to create and “tone map” your images to create a final picture that meets your creative expectations. As you will see in this book, once you understand these issues, HDR imaging is a powerful technique that can be used to produce photographs that are simply not possible through any other means.
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Chapter 1:

Understanding Dynamic Range
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Real World Dynamic Range

One of the first things you learn as a photographer is that the way you perceive a scene is often quite different to how your camera evaluates and processes the same data. For example, a shot you intend as a backlit portrait may well end up as a silhouette, a shot of a brightly lit scene may end up looking too dark, and so on. In other words, the image you see is sometimes not the one you manage to take.

There are two main reasons for this. The first is that your camera will attempt to set an optimum exposure for a particular shot, so it will set the aperture or shutter speed, or both, to make sure that enough light hits the sensor to produce a well-exposed image.

The problem is, your camera assumes an average level of illumination for every shot you take, so if you shoot in a dark room, the image may well end up brighter than the original scene as your camera bases its exposure on an average level of illumination. By the same token, a shot of a person, backlit by a bright sky, may produce a shot with a beautifully exposed sky, but no detail in your subject’s face—again because the camera works on the assumption that all pictures are taken under “average” lighting conditions.

The second reason your images may not end up as you intend them is because of the difference between the way in which you see things and how your camera records them. While you might see a richly detailed landscape set against the backdrop of a bright, but cloudy sky, the camera will be likely to deliver a picture where the sky looks as you intended, but the foreground is too dark, or with a correctly exposed foreground and an overexposed, blank white sky. Worst of all, you might get an image with both a featureless sky and an overly dark foreground. In this instance, adjusting the exposure won’t fix the problem, it will just present you with a different one. Increasing the exposure to compensate for an overly dark foreground will overexpose the sky still further, while decreasing the exposure to retain the detail in the sky will lead to an even darker foreground.
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A correctly exposed sky with an overly dark foreground
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A correctly exposed foreground with an overexposed sky
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An image containing areas of under and overexposure
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An HDR image allows you to combine the brightest and darkest parts of a scene that your camera wouldn’t be able to record in a single shot.

The problem is that the “dynamic range” of the scene you are trying to photograph is larger than your camera can record. At its simplest, dynamic range is the ratio between the lightest and darkest tones in an image. This is often measured in EV (Exposure Value), which refers to the combinations of shutter speed and relative aperture that give the same exposure. Additional terms that are often used in this context are “f-stops” and “contrast ratio.”

When we view a scene, we can perceive a range of between 10–14EV (or f-stops), and if we take into account the fact that our eyes can adjust to different levels of brightness this increases to around 24EV. But digital cameras can only record an EV range of 5–9 stops, so if the scene contains an EV range of around 9 or more, there is no combination of aperture or shutter speed that will allow you to capture the entire dynamic range of the original scene. All you can do is optimize the exposure for the shadow detail or the highlight detail, but you will inevitably lose one or the other.

From a photographic point of view, there are three solutions. First, you can simply avoid taking shots where you know that the size of the EV range will compromise the quality of the final image. In the case of a landscape shot this might mean waiting until the balance of light between the brightest and darkest areas of the scene falls within a smaller EV range.

Second, you could use a graduated neutral density (ND) filter to darken the brightest areas of the image. These can darken a portion of an image in increments from 1–3EV and are especially useful for landscape photography as the sky can often be a lot brighter than the foreground. However, the gradation on the filter is fixed, so it is generally only suitable if there is a clear “dividing line” between the light and dark areas of the scene—useful for a landscape with a flat horizon, but less useful for images where the bright and dark areas are irregularly shaped.

Finally, you can shoot a range of different exposures that record the detail in both the deepest shadows and the brightest highlights, and then combine them into an High Dynamic Range (HDR) image, which is clearly the key topic for the remainder of this book.


Digital Sensors and Contrast Ratios

Your eyes and your camera’s sensor respond to light in a similar way, with photons striking a receptor (either your retina or the photosites on the sensor). This generates a signal, the strength of which is proportional to the amount of photons striking the receptor within a given amount of time. With the eye, exposure to light is continuous, and the effect on the retina decays over time, but with a camera the effect is additive—the shutter opens, photons are collected in the photosites for a finite period of time, and then the shutter closes. At this point, the photons are “counted” to produce a digital signal indicating the amount of light that was received during the exposure.

The reason a typical digital camera can capture an EV range of between 5 and 9 stops is because each photosite on your camera’s sensor has a specific capacity, and once it reaches the maximum limit the signal it outputs is the same, irrespective of how many further photons strike it. In other words, it’s like a bucket: once it’s full there is no way to add any further content. This is significant, as differences in brightness can only be recorded in terms of the differences in the number of recorded photons. For example, if the capacity of each photosite was a maximum of 1024 photons, then the theoretical maximum EV range it could record would be 10EV (210 levels). In practice, this theoretical limit can never be reached as recording detail in the very darkest areas of an image is inaccurate due to the inherent noise that sensors generate. No analog-to-digital converter is sufficiently accurate to distinguish between single photons.

Another problem is that while a 12-bit Raw file is capable of recording a theoretical maximum of 4,096 levels of brightness, the amount of data allocated to the different levels of brightness within the scene varies, with half (2,048) allocated to the brightest areas, half of the remaining 2,048 allocated to the next brightest areas, half of the remaining 1,024 to the next, and so on, as outlined in the grid at left. This means considerably more data is used to record detail within the brighter areas of an image. With a normal photograph this isn’t especially significant, but with an HDR image—especially one where you really want to maximize the amount of detail in all areas of the image—the shadow detail becomes much more significant. If you haven’t recorded sufficient levels of detail in the darker areas the conversion process will struggle to produce a “clean” image, resulting in noise, banding, or other digital artifacts in the darker areas of the converted image.

Contrast ratios of other devices

Although it would be easy to think that the solution to dealing with high dynamic range images is simply to develop cameras with sensors that can record a higher dynamic range to start with, we also need to consider how our photographs will be displayed. Our cameras are capable of recording roughly 5–9EV, which equates to a contrast ratio of 32:1–512:1, but as noted, the dynamic range of an actual scene can be quite a bit higher; the EV range of a shot containing very bright highlights and very deep shadows could be around 14EV, which is a contrast ratio of 16,384:1. Even if our camera could record this level of data, there are very few ways in which we could display the image: a photographic print typically has a contrast ratio of around 300:1, while a standard computer monitor has a contrast ratio of approximately 500:1. So even if your camera could record a much larger EV range, most standard output devices are Low Dynamic Range devices and could not display it. There are a number of High Dynamic Range monitors that have a claimed contrast ratio of around 200,000:1, but these are incredibly expensive, and unlikely to be available to the domestic market any time soon.

[image: image]

JPEG files distribute the data in a slightly different way to Raw files. While there is still a bias toward the highlight detail, the number of levels allocated to each area of brightness is more evenly distributed, as illustrated in the accompanying grid.



	12-bit Raw file

	Levels

	 

	8-bit JPEG file

	Levels




	1: Highlight areas

	2048

	 

	1: Highlight areas

	69




	2: Bright areas

	1024

	 

	2: Bright areas

	50




	3: Midtones

	512

	 

	3: Midtones

	37




	4: Dark areas

	256

	 

	4: Dark areas

	27




	5: Shadow areas

	128

	 

	5: Shadow areas

	20
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