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In recent years, multispectral and hyperspectral imaging have advanced rapidly into new applications and the
technology is now becoming more affordable in both the laboratory and the production environment. It has been
estimated that the hyperspectral imaging market alone was valued at $67 million in 2018 and is expected to reach
a value of $115 million by 2024 (Mordor Intelligence, 2018)

In this paper we will discuss illumination considerations in multispectral and hyperspectral imaging, specifically: (1) the
differences between multispectral imaging and hyperspectral imaging (2) the various methods of acquiring an image; (3) the
advantages of using a light-emitting diode (LED) light source; and (d) LED light considerations. Application examples will be
given throughout.

1. Multispectral vs. Hyperspectral Imaging
Multispectral and hyperspectral imaging are techniques used to gather spectral information about a target. These systems
enhance the ability to distinguish between materials with similar appearance allowing them to be more easily identified. Though
the type of illumination can play a role, the methods are primarily differentiated by spectral resolution, with multispectral imaging
normally incorporating a low number of detection bands and hyperspectral imaging, a high number.
In multispectral imaging, this is often achieved by means of filtering with, for example, a typical RGB-IR system having 4 detection
bands.
In hyperspectral imaging, a dispersive element such as a prism or grating can be used to spread light across a sensor array
resulting in, typically, hundreds of detection bands.
At present, there are no strict definitions of either technique and no consensus exists on the point at which multispectral
becomes hyperspectral. Therefore, for the purposes of this paper, we will categorize multispectral systems as any
system with less than 10 spectral detection bands.

2. Image Acquisition Methods

Multispectral/Hyperspectral
Imaging System

Any imaging system requires
(1) a light source, (2) a target,
(3)

an

image

capturing

system, and (4) a means of
analyzing and interpreting the
data captured. See Figure 1.

(1) Illumination
System

This can consist of:
- Source type: LEDs/
Halogen
- Filters at source
- Collimation,
focusing and 		
combining optics

(2) Target

This can consist of
any material or object
that needs to be:
- Inspected (e.g. 		
flaws/defects)
- Identified (e.g. 		
sorting)

(3) Image Acquisition
System

(4) Data Analysis

This can consist of:

This can consist of:

- Camera or sensors
- Filters or filter wheel
- Other optical 		
elements

- Image processing
- Pattern identification
and image sorting 		
software

Figure 1 Elements of a multispectral or hyperspectral imaging system
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(1) Illumination System
Traditionally, the light source in spectral imaging applications has been broadband, such as a Mercury or Halogen lamp, but
narrower band sources such as Light Emitting Diodes (LEDs) are beginning to gain in popularity due to their advantages in terms
of lifetime, efficiency, wavelength selection and control.

(2) The Target
The target or sample can relate to a wide variety of materials including food, packaging, pharmaceutical, currency, and
more. Essentially, any subject that consists of a variety of materials, each with its own individual molecular composition and
surface scattering properties, can subsequently be identified by a spectral fingerprint regardless of how similar they may look to
the naked eye.

(3) Image Acquisition System
The image acquisition system generally belongs to one of the four types:
i. A monochromatic camera is combined with a filter array that filters the incoming radiation into its various spectral
components. While this lowers the spatial resolution of the system, all the detection bands are measured
simultaneously.
ii. A filter wheel is used to select specific wavelengths, while a monochromatic camera is synchronized to capture each
of the filtered images sequentially as the wheel spins. However, this method is limited in speed and not suitable for
moving targets such as conveyers.
iii.

Dispersing
Element

Temporal Multiplexing: This uses pulsed LEDs of
different wavelengths and a monochromatic camera
synchronized with the pulsed LEDs. Each image
captured with the camera corresponds to that specific
wavelength pulse. This is similar to type 2, above, but
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faster as LEDs can be pulsed at higher frequencies. .
iv.

In conjunction with a line scan technique, an
integrated dispersing element is used to split the
image into any number of wavelengths (see Figure 2)

Figure 2 Illustration of typical hyperspectral line scan

A CCD or CMOS sensor has the potential to explore hundreds of bands of interest, with each band stored on a separate line of
a 2D array, thereby creating a data cube with huge amounts of information.

(4)

Data Analysis

Here, large quantities of information are passed through
a processor and one or more algorithms. After applying a
learning process, various markers can be assigned to individual
specimen types that have a specific spectral behavior. The
result is a simplified image with a clear differentiation between
specimens. In the example shown here (Figure 3), a clear
differentiation between rice and maggots is possible, despite
the similarities in how they appear in the visible spectrum.

2.

Figure 3 Visible image (left); false color image of clearly
distinguished rice and maggots (right)

Another example of this qualitative analysis is the differentiation between similarly appearing white powders within the
pharmaceutical industry. For example, a clear difference in spectral response is obtained between sugar, salt and citric acid due
to the difference in spectral behavior. In addition to a qualitative analysis, a quantitative analysis is also possible. For example,
the data processor can be taught to differentiate between various levels of water content within cuts of meat.

3. Advantages of an LED Light source
Traditionally, either a Mercury or Halogen lamp has been used as the light source for spectral imaging applications due to the
broad nature of its spectrum (Figure 4).
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Figure 4. A typical Halogen light source spectrum showing
the heavy bias toward infrared

sensitivity.

Figure 5 demonstrates the benefit of a LED light source over a wide spectral range, where large variations in camera sensitivity
can occur. ProPhotonix created this spectrum, with the UV and IR regions boosted accordingly, allowing the customer to obtain
a more even response and signal-to-noise ratio.
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Figure 5. LED Spectrum weighted toward ultraviolet and infrared in
order to counteract camera sensitivity curves and improve signal-to-noise-ratio
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Additional limitations associated with legacy light sources are their short lifetimes; several thousand hours. The lifetime and
stability of most LEDs are much better – tens of thousands of hours lifetime - which is at least an order of magnitude better than
Halogen. This is of particular importance in a production environment where any down-time of the production line due to bulb
maintenance or replacement could mean a significant loss in throughput.

4. LED Light Considerations
There are a number of considerations when deciding on a LED Light for multispectral or hyperspectral imaging applications.
Some of the parameters associated with selecting and sourcing the most suitable LED source includes (1) physical, (2)
electrical, (3) optical, and (4) lifetime characteristics. The process for selecting the most suitable LED source is far more
detailed than simply identifying the correct wavelength. With respect to physical characteristics, for example, there are a
wide variety of LEDs sizes, from approximately 200x200µm2 to several square millimeters.
These size differences directly affect the density of arrays which will impact the output
and the choice of optics. Electrically, there can be a multitude of different current and
voltage characteristics as well as polarities which requires robust and flexible driver design.
Optical differences may vary significantly, not just in output efficiencies but also in the
bandwidth or peak wavelength characteristics. LED Lifetimes vary significantly between
wavelengths with certain LEDs lying at the edge of a particular technology gap known to
have low efficiencies. When using these LEDs, light source designers must consider the appropriate number of LEDs for each
wavelength, the power distribution, and electronic control.
With more than 25 years of experience in LED technology, ProPhotonix considers all of the above factors when finding the best
overall solution for a customer. At ProPhotonix, we utilize Chip-on-Board (COB) technology, a method of LED packaging involving
the mounting of a bare LED chip in direct contact with the substrate. Working with the LEDs in their most fundamental form allows
us to use the widest range of wavelengths available to place individual LED chips of different wavelengths in close proximity to
each other, all of which are important for multi-wavelength lights. Our capabilities in electronic design and communication over
Ethernet allow for advanced control of each wavelength and the ability to deliver LED lights with very short pulse widths.
The COBRA MultiSpec, a modular LED line light, has twelve
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Figure 6 Spectral characteristics and relative intensities for Cobra MultiSpec RGB-IR

mounted.
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The COBRA MultiSpec can be configured to output a range of spectra tailored to a specific requirement. Figure 6 shows a
spectrum achieved with multiple discrete bands for a RGB-IR light application.
Figure 7a illustrates the use of LEDs in overlapping bands, that when combined produce a continuous broad spectrum
(Figure 7b). In this example, ten separate wavelengths are utilized: one white LED, and the remaining LEDs selected from the red
and infrared region. The resulting broadband energy between 400nm and 950nm was perfectly suited to the end-user. Based on
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Figure 7 (a) Individual bands of a ten-channel COBRA MultiSpec, (b) The resulting combined spectrum.

Conclusion
As new applications emerge and the cost of spectral imaging technology reduces, multispectral and hyperspectral imaging will
continue to grow. Interpretations of what constitutes multispectral or hyperspectral vary with no clear definition at present. What
is clear is that hyperspectral imaging offers the opportunity to collect vast amounts of information about a target allowing the
nature of the material to be understood. This is a very powerful tool especially in a laboratory environment where experimentation
and flexibility are key performance criteria. In many applications, a particular part of the spectral data will be most relevant and
where this is the case, a multispectral system with a streamlined light and acquisition system can be employed, lowering costs
and increasing throughput in a production environment.
LEDs offer an excellent solution for spectral imaging applications due to their advantages in terms of lifetime, efficiency,
wavelength selection and control. There are many considerations in designing a reliable multispectral or hyperspectral LED light.
ProPhotonix’ COBRA MultiSpec, is a powerful and versatile platform for both multispectral and hyperspectral imaging and has
been designed to address a wide range of applications. ProPhotonix also partners with OEMs to specify, design and manufacture
optimized solutions for specific applications.

Learn more about COBRA MultiSpec

For more information on our Custom Solutions, click here.
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