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Conclusion
• Based on the ISS image, the instrument which best represented its values was the 

SQM.
• The data in the Orthomosaic was most proportional to the data collected by the 

spectrometer, however, the SQM’s correlation was moderately strong as well. 
• The Nikon values represented neither the RGB values acquired from the ISS or from 

the Orthomosaic and was practically uncorrelated with the other instruments. T
• There was a somewhat strong correlation between the SQM and spectrometer, 

suggesting that the SQM can reasonably approximate ambient light at night as 
measured by an upward pointing instrument, despite it being pointed downwards. 

• The spectrometer was successful in detecting bulb lighting type based on spectra

Overall, it is clear that the Nikon, in the context of this study, was unable to detect 
ambient light at night, whereas the SQM and Spectrometer were relatively successful. 
Not only that, but this study established that higher resolution remote sensing data of 
nightscapes, such as the Orthomosaic, are needed for better understanding of ambient 
light at night and its sources.

Introduction
In today’s world, urban living has become increasingly popular and as a result the 

amount of light pollution coming from city centres and surrounding residential 
neighbourhoods has increased. In addition, replacement of traditional street lighting types 
such as High Pressure Sodium (HPS) lamps by Light Emitting Diodes (LEDs) is being 
implemented across the globe. This increase in light pollution and transition of lighting 
type has become a topic of interest due to the adverse effects associated with them, 
however there is a lack of remote sensing data available that allows for light pollution 
analyses over large areas. The aim of this study is to measure ambient light at night (ALN) 
in the Orléans neighbourhood of Ottawa, Ontario, using various types of instruments 
including a Sky Quality Meter (SQM), a spectrometer and a Nikon DSLR 750 camera.

Research Questions
• Can a spectrometer be used to identify lighting type based on measured spectra?
• Can a DSLR camera be used to measure light intensity in place of the spectrometer?
• Is remote sensing imagery as good at estimating ALN as the field instruments? 
• Do SQM measurements reasonably approximate ambient light as measured by the 

upward-pointing instruments?

Study Area: Orléans, Ontario

Available Data
• International Space Station Image
• Orthomosaic (Xu et al. 2018)
• City of Ottawa Street lighting Database

Field Instruments
• Sky Quality Meter (SQM)
• Ocean Optics Jaz spectrometer 
• Nikon DSLR 750

Data & Methods

Results & Discussion

Bulb Type Detection Based on Spectra
• Spectra measured by the spectrometer were indicative of both LED 

and HPS bulbs (Figure 4)
• Based on the classified spectrometer data, the bulb type 

distribution around Orléans was approximately 50% HPS, ~44% LED, 
and the remaining ~6% were saturated

Nikon Images for ALN Measurements
• Images were able to give a visual of what the spectrometer was 

measuring at a given time
• HPS bulbs typically emit an orange-toned light and LEDs typically 

emit a cool white-blue light

Figure 5. Bulb distribution in Orléans, Ottawa, based on spectrometer readings. “A” indicates LED 
spectrometer reading, “B” indicates a HPS spectrometer reading. Nikon images taken during these 
readings show images of streetlights emitting light characteristic of each bulb type (white light vs orange 
light). Image source: ESRI base map

Remote Sensing Instruments vs Field Instruments
Correlations were calculated comparing the field instrument data to the RGB values 

extracted from the remote sensing imagery. When looking at the relationship between 
the ISS image and the field instruments, the SQM had the strongest correlation with a 
value of ∼ -0.36 (note that all the SQM correlations will be negative correlations as 
higher SQM readings indicate darker areas as opposed to brighter areas). The Nikon and 
the Spectrometer had very low correlation values with the ISS, with correlation 
coefficients of ∼ 0.15 and ∼0.17.

When comparing the field measurements to the Orthomosaic, stronger 
relationships were found. Unlike with the ISS image, the spectrometer had the strongest 
correlation to the orthomosaic with a value of ∼0.61. The SQM had a similarly strong 
correlation coefficient of ∼ -0.56 and, like with the ISS image, the Nikon correlation 
coefficient was once again ∼0.15 

SQM vs Upward Pointing Instruments 
When comparing the Nikon readings to the SQM, the Nikon’s RGB values with 

reference to the SQM mpsas showed almost no correlation with a coefficient value of ∼-
0.06 demonstrating that the Nikon images were not useful for ALN detection. However, 
when comparing the SQM data to the spectrometer data, they were moderately 
correlated with a coefficient of ∼0.52

SQM Readings
Based on the SQM readings, the brightest areas seem to be on two of 
Orléans’ main roads, St. Joseph Blvd and Innes Road, whereas the 
darkest readings seem to be on the unlit patch of the Queensway 
(Figure 19). In terms of the accuracy of the SQM values, based on their 
alignment with the orthomosaic, they seem to be representative of the 
ambient light in the area as the areas which are brightest line up with 
the lit areas in the image such as intersections.

HPS

LED

Data Collection
• All instruments were synchronized to the same time as a Trimble R1 GPS 
• Instruments were attached to a level platform mounted to the roof of a car (Figure 1)
• SQM was held outside the vehicle on the right side pointing downwards
• Field measurements took place December 19, 2018, between ~ 6:30 – 8:30 pm

Data Analysis
• Field measurements geolocate based on time stamp
• RGB’s derived from remote sensing imagery and from Nikon Images
• Derived RGB from spectrometer using the response function of the Nikon

Figure 1. Field instruments on platform prior to placement on vehicle.

Figure 6. Sky Quality Meter mpsas measurements in Orléans, Ottawa. St. Joseph Boulevard (A) and Innes 
Road (B) have bright measurements in comparison to the Queensway (C). Image source: ESRI base map
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Figure 4. Example of two different spectral readings made by spectrometer. Based on shapes of 
spectra, they indicate LED (blue) and HPS (black).

Figure 2. International Space Station image of the National Capital Region, including the 
neighbourhood of Orléans (outlined in red). Image Taken February 14, 2012 at 01:05 am ET

Figure 3. Orthomosaic developed with Structure-from-Motion from the aerial survey over 
Orléans, from 18 June 2016. (Xu et al. 2018)
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Figure 8. Correlations between SQM mpsas and Nikon average RGB values (left) and spectrometer values (right).

Figure 7. Correlations between available imagery (orthomosaic (left) and ISS image (right) and field measurements. 


