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Abstract 
Researchers in the remote sensing field use different types of images from sa-
tellite systems and simulator devices, such as goniometers. However, no de-
vice can simulate the new generation of optical satellite system called 
near-equatorial satellite system to perform different kinds of remote sensing 
applications in equatorial regions. This study proposed a newly invented la-
boratory and fieldwork goniometer designed to simulate and capture intensi-
ty variation and measure the bidirectional spectral reflectance of earth sur-
face. The proposed goniometer is a multi-purpose and multi-field device. It is 
able to simulate different satellite systems and measure the intensity variation 
and spectral reflectance of earth’s surface features with freely azimuth and ze-
nith angles of sensors and illumination source in fieldwork and/or laboratory. 
However, the system of invention is focusing on specific satellite orbital to 
work with the parameters and properties of NEqO satellite system in order to 
obtain NEqO system imagery for performing different applications such as 
geometric correction, relative radiometric normalization and change detec-
tion for future work. The significant of this invention is that most of the in-
vented goniometers of remote sensing are able to work just in field or just in 
laboratory and use, carry just optical sensor or hyperspectral sensor. Specifi-
cally, our invention can do all these functions that are not available in existing 
goniometers. The proposed device offers several advantages, namely, high 
measurement speed, flexibility, low cost, efficiency, and possible measure-
ment depending on the free zenith/azimuth angles of sensors and illumina-
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tion sources. The proposed goniometer includes ten parts, and two different 
sensors (optical and hyperspectral). 
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1. Introduction 

The near equatorial orbit (NEqO) satellite system is a new generation of optical 
satellite that unlike polar satellite system, it does not have a fixed row and path 
in its equatorial travel. It will pass over all equatorial areas for 14 times a day. Its 
imagery will have differences in illumination, viewing points, capture time, solar 
and satellite zenith and azimuth angles, and attitude (roll, yaw, and pitch) of the 
satellite each capturing time. All these conditions together make NEqO satellite 
imagery unusable [1] [2]. So, we need a new device able to simulate the NEqO 
system imagery to overcome with these difficulties before launching the new sa-
tellite system of NEqO [3] [4] [5] [6]. Many different types of field and/or labor-
atory goniometers can measure anisotropic reflectance. However, most goni-
ometers used in the field and/or in laboratories to measure the bidirectional ref-
lectance of earth surface features are built for remote sensing applications and 
are equipped with hyperspectral sensors only [1]-[9]. These devices simulate po-
lar satellite systems and are unsuitable for the new generation of the NEqO satel-
lite systems that capture images and spectral reflectance in the field and/or in 
laboratories [3] [4] [7] [10] [11]. Finding an optical simulation system (a goni-
ometer) that can measure the anisotropic reflectance distributed on earth surface 
features for use in the field and/or in laboratories is difficult. Different simula-
tion systems can be used to simulate anisotropic reflectance. However, most of 
these systems focus on using the spectral reflectance of surface features by 
launching the spectro-radiometers of the simulation devices. There is no device 
focusing on using optical multi-spectral and/ or optical hyperspectral sensor and 
making the goniometer satisfactory to simulate the new generation of satellite 
system called NEqO system [3] [4] [11]. 

Background 

Different types of field and laboratory goniometers are used to measure the vari-
ation in the spectral reflectance of earth surface features. Field and laboratory 
goniometers have certain specifications. Laboratory goniometers have the ad-
vantage of constant illumination and neglectable atmospheric disturbances [11] 
[12]. However, artificial light sources are usually less parallel and less homoge-
neous than clear sky solar illumination. Currently, no system combines field and 
laboratory measurements obtained using different sensors [4] [12]. For opera-
tional earth observation applications, multi-temporal data usage is required to 
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increase the number of observations, particularly in regions with frequent cloud 
cover [13]. This requirement increases the need for high-quality time-series data 
for activity monitoring. Information on the bidirectional reflectance distribution 
function (BRDF) of different earth surface features is relevant in normalizing the 
images taken under different illumination and/or viewing conditions [14]. Nev-
ertheless, multi-angular observations provide additional information to improve 
the accuracy of retrieved products [13] [15] [16]. 

Although field observations are extremely useful, most researchers in the field 
are faced with the problem of recording pure reflectance to fit BRDF models. 
This problem can be addressed with multi-directional reflectance measurements 
acquired under controlled laboratory conditions, through which a large amount 
of directions can be sampled [3] [4]. A number of laboratory goniometers have 
been invented Sandmeier et al. invented the European goniometric facility of the 
Joint Research Centre. At the University of Zurich [1], Schopfer et al. invented a 
goniometer called a field goniometer system (FIGOS) that can also be used in 
the laboratory [17]. The Sandmeier field goniometer (SFG) of NASA Ames was 
developed on the basis of FIGOS [18]. Coburn et al. [15] invented a goniometer 
system called the ULGS at the University of Lethbridge, and Biliouris et al. [19] 
built a goniometer system called the compact laboratory spectro-goniometer 
(CLabSpeG) at the Catholic University Leuven. Several laboratory remote sens-
ing goniometers can be utilized in the field. Laboratory goniometer systems have 
unique specifications that make them better than fieldwork goniometers; 1) Li-
mited in the flexibility of the system in terms of hemisphere size and measure-
ment positions, and 2) Taking a long time for sampling a full hemisphere, which 
causes problems for plants susceptible to changes in leaf angle and orientation 
due to changes in turgor in the plant tissue and changes in soil due to dehydra-
tion [16] [18]. All these goniometers measure reflectance anisotropy; we are 
aware of only one system (goniometer) that can measure the anisotropy of ref-
lectance both of spectral reflectance (using spectro-radiometer device) and in-
tensity variation (multi-spectral optical device) in field and laboratory. 

The aim of this study is, because of the NEqO satellite does not have fixed row 
and path like other satellite systems, so it is imagery will have no band to band 
registration, no matching in geometric and radiometric sides, also there is no 
other satellite systems like this the new generation can we use their imagery to 
do analyzing and processing for different researches [6] [7]. Therefore, this 
study aim is to describe in details the design and implementation stages of a new 
invented simulating goniometer to simulate the NEqO satellite system. This 
work also presents the components of the proposed system and the concept of 
using this system in both the field and the laboratory.  

2. Method and Materials 

The goniometer of the NEqO system images and apparatus will use to acquire 
the NEqO system images and capture images at different azimuth and zenith 
angles of the sensor and illumination source to a simulate the NEqO satellite 
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system images. This device can be used to capture NEqO images from the field 
and/or in the laboratory. The images simulated with the goniometer can be cap-
tured by optical and/or spectro-radiometer sensors. This condition means this 
device a comprehensive goniometer that can be employed to accomplish four 
tasks. The images captured with this device are suitable for the study and analy-
sis of the radiometric measurements of the reflection behavior of earth surface 
features. The preferred embodiment of the proposed goniometer is described in-
dividually and in any combination, as shown in Figures 1-8. The NEqO goni-
ometer was made by following stages: 

2.1. Goniometer Design and Description 

The NEqO goniometer designing stage, it is start with using SolidWorks 2013 
software environment in order to drawing the design. Figures 1-8 illustrate the 
design of all parts of the goniometer. Each part of this goniometer was drawn 
separately then collected together to manufacture it. The device part will de-
scribe in details in following sections. 

2.1.1. Rolling Azimuth Angle Circle 
The rolling azimuth angle is the main component of the simulation of the NEqO 
satellite system. It carries all the parts of the simulating NEqO satellite system. 
The rolling azimuth angle allows the use of full azimuth angles in capturing the 
simulated NEqO satellite images. In accordance with the preferred embodiment 
of the goniometer, the roll azimuth angle is set to a full circle divided from 0˚ to 
360˚ to represent and use the full azimuth angle at intervals of 10˚. These  
 

 
Figure 1. The simulating NEqO field and laboratory system design. 
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Figure 2. Rolling azimuth circle part. 

 

 
Figure 3. The semi-circle of illumination source zenith angle. 
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Figure 4. Semi-circular zenith angle of the sensors and sliders. 

 

 
Figure 5. Lamp of illumination source. 

 

 
Figure 6. Degree locks of azimuth and zenith angles. 
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Figure 7. Sensor and illumination source pointers and their locations. 

 

 
Figure 8. Holder of portable Stellar Net spectro-radiometer device. 
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intervals are marked with stacker numbers to guide the users in capturing the 
NEqO images at the different azimuth angles of both the optical sensor and il-
lumination source. 

The rolling azimuth angle of the goniometer of the NEqO satellite system has 
six feet that stand on the ground. The position between each foot and the pre-
vious and/or next one is 60˚ of the rolling azimuth angle to make the standing of 
the rolling azimuth angle stable on the ground and to distribute the weights of 
the all parts of the goniometer equally onto the feet of the roll azimuth angle. 
Each foot has sufficient distance from the ground. A height of 299 mm is se-
lected to keep the optical sensor and portable spectro-radiometer sensor close to 
the surface features that users wish to capture as NEqO images.  

The zero mark of the rolling azimuth angle is used with the aid of the compass 
to direct the zero mark to the North Pole, provide all the measurements with the 
same orientation as the real NEqO system, and help users to determine the real 
azimuth angles of the illumination source and sensor. The material of the rolling 
azimuth angle is stainless steel because the device focuses on simulating NEqO 
satellite images and can be used in the field and/or in the laboratory in equatori-
al regions. If the purpose requires field (outdoor) use, most near-equatorial re-
gions around the world can utilize the proposed goniometer. These regions have 
large amounts of rainfall, high temperature, and high humidity. These climate 
factors and others would cause the goniometer to erode or become damaged if it 
were made from materials other than steel. The shape of the rolling azimuth an-
gle of the goniometer is a full circle instead of a semi-circle and/or a quarter-circle 
so as to freely use different sensor and illumination source azimuth angles from 
0˚ to 360˚, support the structure of the goniometer of the simulating NEqO sa-
tellite system, and make the structure of the goniometer stronger. Figure 2 
shows the top, side and front view of the rolling azimuth angle circle, as well as 
its other details, such as the internal and external diameters and the heights. 

2.1.2. Semi-Circle of Illumination Source Zenith Angle 
This part of the goniometer system identifies the zenith angles of the launched 
illumination source as shows in Figure 1. The semi-circle of the illumination 
source zenith angle of the goniometer of the NEqO satellite system contains the 
illumination source, electrical regulator, illumination source holder, zenith angle 
lock, zenith angle pointer, electrical cable, and two sliders (each one is posi-
tioned at the end of the semi-circular zenith angle of the illumination source). 
Each slider has one azimuth angle lock and six plastic wheels. One azimuth 
pointer is positioned at the center of one of the sliders and illumination source 
reflectors. The semi-circular zenith angle of the illumination source is divided 
into 180˚ angles to allow users to maximize the full zenith angles. The semi-circular 
shape of the zenith angle allows it to be used freely in both sides (forward and 
backward) and supports and strengthens the structure of the goniometer. The 
electrical regulator is positioned at the end of one slider to facilitate the move-
ment of the illumination source along the semi-circular zenith angle. An elec-
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trical cable connects the electrical regulator and the illumination source to en-
sure that the electricity originates from the power supply and then moves to the 
electrical regulator before reaching the illumination source. Each slider is fixed 
in one end side of this part.  

The semi-circular zenith angle of the illumination source can be modified ac-
cording to user requirements by rotating it up to 360˚ through its sliders above 
the roll azimuth angle. In accordance with the preferred embodiment, the 
semi-circular zenith angle of the illumination source is divided from 0˚ to 180˚ 
at intervals of 10˚ to allow the illumination source to move from 0˚ to 180˚. This 
feature is taken advantage of when capturing NEqO images at different zenith 
angles of the illumination source. The material of the semi-circle circular zenith 
angle of the illumination source is stainless steel to allow its use in near-equatorial 
regions. These regions have large amounts of rainfall and high humidity, which 
can cause the goniometer to erode. The illumination source holder is positioned 
on the semi-circular zenith angle of the illumination source and is used to hold 
the illumination source.  

The illumination source holder comprises illumination source reflectors to 
diffuse the illumination throughout the capturing site and reflect the illumina-
tion during the capturing of the NEqO system images. The direction and mate-
rials of the illumination source holder and illumination source reflectors are ex-
tremely important in image capturing and are better than their counterparts in 
other devices. The illumination source holder has a zenith angle lock to allow 
users to lock in the zenith angle they want to position the illumination source at. 
The zenith angle pointer of the illumination source holder helps users determine 
the zenith angle of the illumination source and lock it by using the illumination 
source lock.  

Each of the slider has one azimuth angle lock. This azimuth lock enables users 
to lock the semi-circular zenith angle of the illumination source at any preferred 
azimuth angle. Each slider also has six plastic wheels for the easy, fast, and flexi-
ble rotation of the semi-circular zenith angle of the illumination source along the 
rolling azimuth angle 

The six wheels are made of plastic to reduce the friction between the 
semi-circular zenith angle and the rolling azimuth angle. This condition allows 
the flexible and easy rotation of the semi-circular zenith angle. It also protects 
the device for a long time and increases its efficiency. The cost may also be re-
duced if the wheels are built using another material, such as iron. The azimuth 
angle pointer is positioned on one side of the semi-circular zenith angle and 
enables user to determine the specific azimuth angle that would meet their de-
sired position for the illumination source. All the locks of the semi-circle circular 
zenith angle of the illumination source, such as the two azimuth angle locks, are 
made of plastic. This material is better than others, such as iron and copper, es-
pecially if the goniometer of the NEqO satellite system needs to be used in the 
field. Materials such as iron and copper could reach high temperatures, which 
could in turn pose a hazard to users. Moreover, plastic is cheaper than other 
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materials. Figure 3 presents the drawings of the sliders fixed in the end part of 
the semi-circular zenith angle. 

2.1.3. Semi-Circular Zenith Angle of the Sensors 
This part of the goniometer will describes the zenith angles of the sensors, as 
shown in Figure 1. Accordingly, the semi-circular zenith angle of the sensors 
covers each of the sensor holders, the optical sensor, the zenith angle lock, the 
zenith angle pointer, and two sliders (each is positioned in the ends of the 
semi-circular zenith angle of the sensors). The semi-circular zenith angle of the 
sensors has one azimuth pointer, and each slider has one azimuth angle lock and 
six plastic wheels. The semi-circular zenith angle is divided into 180˚ to allow 
users to maximize the full zenith angles of the sensor, including its forward and 
backward features. The semi-circular shape of the zenith angle is better than a 
quarter-circular shape for it allows the free use of both of its sides (forward and 
backward) and supports and strengthens the structure of the goniometer. The 
semi-circular zenith angle of the sensors can be modified according to user re-
quirements by rotating it up to 360˚ through its sliders above the roll azimuth 
angle. In accordance with the preferred embodiment, the semi-circular zenith 
angle of the sensors is divided from 0˚ to 180˚ at intervals of 10˚ to make the 
sensor move from 0˚ to 180˚ along the semi-circle of the sensor zenith angle. 
This capability is then utilized to capture NEqO images at different illumination 
source zenith angles. 

The material of the semi-circle circular zenith angle of the sensors is stainless 
steel to allow its use in near-equatorial regions. These regions have large 
amounts of rainfall and high humidity, which can cause the goniometer to 
erode. The sensor holders are positioned on the semi-circular zenith angle of the 
sensors to hold the optical sensor and/or portable spectro-radiometer for cap-
turing NEqO system images and/or collecting the spectral reflectance of differ-
ent earth surface features distributed in the study area at different zenith and 
azimuth angles. The optical sensor can capture NEqO system images at any ze-
nith angle with the use of the zenith angle pointer. This angle is then locked. 
Each slider has one azimuth angle lock. This azimuth lock enables users to lock 
the semi-circular zenith angle of the sensors at any preferred angle. Each slider 
also has six plastic wheels for the easy, fast, and flexible rotation of the 
semi-circular zenith angle of the sensors along the roll azimuth angle. The 
wheels are made of plastic to reduce the friction between the semi-circular ze-
nith angle of the sensors and the roll azimuth angle. This condition allows the 
flexible and easy rotation of the semi-circular zenith angle. It also protects the 
device for a long time and increases its efficiency.  

The cost may be reduced if it is built using another material, such as iron [19] 
[20]. The azimuth angle pointer is positioned on one side of the semi-circular 
zenith angle and enables users to determine the specific azimuth angle that 
would meet their desired position for the optical sensors. All the locks of the 
semi-circular zenith angle of the sensors, such as the two azimuth angle locks 
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and the sensor zenith angle locks, are made of plastic. This material is cheaper 
and better than other materials, such as iron or copper, especially if the goni-
ometer of the NEqO satellite system needs to be used in the field. Materials such 
as iron and copper could reach high temperatures, which could in turn pose a 
hazard to users. Figure 4 presents the drawings of the sliders fixed in the end of 
the semi-circular zenith angle of the sensors. The diameter of the semi-circular 
zenith angle of the sensors is less than that of the illumination source for conve-
nient rotation Figure 1. The semi-circular zenith angle of the illumination 
source can be easily removed when the goniometer system is used in fieldwork 
data collection without interfering with the parts of the illumination source and 
preventing the capture of falling shadows. 

2.1.4. Optical and Hyperspectral Sensors 
The optical sensor of the goniometer of the NEqO satellite system is an optical 
camera utilized to capture the visible parts of a spectrum. The camera located in 
the semi-circular zenith angle of the sensors and held by the sensor holder is 
used to capture the simulation of the NEqO system images for the study of the 
variation in the radiometric reflectance originating from the different zenith and 
azimuth angles. The camera can capture images at any zenith angle along the 
semi-circular zenith angle of the sensors (from 0˚ to 180˚) through the zenith 
angle pointer and then locks on the specific zenith angle through the use of the 
zenith angle locks. The user can also determine the azimuth angle of the camera 
for image capture by using the azimuth angle pointer. The semi-circular zenith 
angle of the sensors can rotate over the roll azimuth circle from 0˚ to 360˚. This 
condition allows users to obtain images from any azimuth and zenith angles of 
the sensors depending on their application. In the current work, we utilize a 
Canon SX 700 H Power Shot to capture the images. In lieu of a camera, a porta-
ble Stellar Net spectro-radiometer joined by a special holder to the semi-circular 
zenith angle of the sensors can be used to measure the spectral reflectance of the 
earth surface features distributed in the study area. This spectral reflectance can 
be used to study and analyze the BRDF. The wavelength range of the portable 
Stellar Net spectro-radiometer is 400 to 1100 nm. This camera can capture im-
ages in JPEG format with red, green, and blue bands. The selection of the optical 
sensor is based on camera specifications. We found that this camera is better 
than other cameras. Solar illumination is used to capture fieldwork (outdoor) 
images. For images captured in the laboratory, the built-in light of the camera is 
replaced with another illumination source, as described in the next paragraph. 

2.1.5. Illumination Source 
The illumination source is positioned in the semi-circular zenith angle of the il-
lumination source. The energy source of this goniometer system is a 150-watt 
QTH lamp that functions as an artificial light source. The QTH operates at 220 
V. QTH lamps are visible and near-infrared light sources. Therefore, they can 
capture visible bands by using the camera mentioned above or near-infrared 
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bands by incorporating the portable spectro-radiometer device into the semi-circular 
zenith angle of the illumination source. The QTH has a smooth spectral curve 
and stable output. 

The illumination is constant, stable, and diffused. The QTH is surrounded 
with sufficient reflectors to diffuse light throughout the study site. Users can po-
sition the QTH at any azimuth and zenith angles to capture images at the dif-
ferent azimuth (0˚ to 360˚) and zenith (0˚ to 180˚) angles by using the zenith 
angle pointer to determine the zenith angle of the QTH and then by using the 
zenith angle lock. Users can also specify the zenith angle from 0˚ to 180˚. How-
ever, to determine the azimuth angle of the QTH, the semi-circular zenith angle 
of the illumination source must be rotated over the roll azimuth angle of the go-
niometer. The specific azimuth angle is determined with the azimuth angle 
pointer, and locking is achieved with the azimuth angle locks of the sliders. 

The power of the illumination source (QTH) is 150 watts according to the 
height of the goniometer (104.9 mm). The light of the QTH must be equally dif-
fused. All the sites must have the same light intensity. If more than 150 watts of 
light intensity is used, then all the captured images become extremely bright. If 
the power of the illumination source (QTH) is small, then the simulation of the 
NEqO system images becomes unsatisfactory because all the images appear with 
high contrast. Figure 5 describes the illumination source and its holder used in 
this study. 

2.1.6. Electrical Voltage Regulator 
The electrical voltage regulator is positioned at the end of the semi-circular ze-
nith angle of the illumination source. It is used as the lighting control system of 
the illumination source. The electrical voltage regulator is connected to an elec-
trical power supply with 220 V and to the illumination source by an electrical 
cable. The electrical voltage regulator is divided into degrees to change the illu-
mination intensity during image capture. 

The electrical voltage regulator is used only in the laboratory. The regulator is 
important to the system because it changes the illumination intensity for each 
captured image to simulate the NEqO images. Consequently, images from the 
same area are captured at different illuminations and contrast levels. This condi-
tion is useful in performing relative radiometric normalization and change de-
tection on these [3] [4] [16] [18] [19] [20]. The electrical voltage regulator is di-
vided into divisions, and each number corresponds to different light intensities 
to allow modifications. 

2.1.7. Compass 
The compass of the goniometer of the NEqO system is used in the goniometer 
design. This small compass is positioned in the semi-circular zenith angle of the 
sensors. The uses of the compass are as follows. 

1) The compass is used in laboratory work to adjust and ensure that the zero 
mark of the roll azimuth angle is directed toward the North Pole (magnetic 
north pole) and to position the zero mark of the roll azimuth angle opposite the 
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North Pole to allow users to determine the azimuth angle of the goniometer, de-
termine the azimuth angles of the sensors and illumination source, and capture 
images on the basis of the azimuth angles of both the sensors and illumination 
source. 

2) The compass is used in fieldwork to adjust and ensure that the zero mark of 
the roll azimuth angle is directed toward the magnetic North Pole. In this way, 
users can achieve their desired azimuth angles for the sensors used to capture 
images. 

2.1.8. Degree Locks of the Semi-Circular Zenith Angles 
One of the significant parts of the proposed goniometer is the degree locks. Six 
locks are launched and integrated to this system. The semi-circular zenith angles 
of the sensors and illumination source both have two degree locks. This feature 
enables users to select the specific azimuth angles of the sensors and illumination 
source and then lock such azimuth angles to capture images. Another two degree 
locks are launched to the sensor container (camera container) and the illumina-
tion source. Each container has one lock to determine the specific zenith angles 
of the sensors and illumination source and then capture images at these specific 
zenith angles. Figure 6 shows the six locks of each of the two semi-circular ze-
nith angles of the sensor container and illumination source. In Figure 6, the lock 
is divided into “A”, “B”, and “C”. 

2.1.9. Azimuth Angle Degree Pointers 
Two pointers are used in the proposed device. The benefit of using pointers lies 
in determining the azimuth angles of both the sensors and the illumination 
source for capturing images and then launching the locks. Without these poin-
ters, the azimuth angles of the sensors and illumination source will change while 
capturing images. Therefore, two pointers are used to address this issue. The 
first pointer is launched and joined at the semi-circular zenith angle of the sen-
sors, and the second pointer is launched to the semi-circular zenith angle of the 
illumination source. Figure 7 illustrates the pointers and their location in the 
device. Part “A” describes the sensor pointer, and part “B” demonstrates the il-
lumination source pointer. 

2.1.10. Stellar Net Spectroradiometer Holders 
The sensor holders consist of an optical sensor container, the holder of the 
portable spectro-radiometer sensor, and an optical sensor lock. The sensor 
holders are positioned on the semi-circular zenith angle of the sensors. The sen-
sor holders allow the use of the optical sensor through the optical sensor con-
tainer and/or the portable spectro-radiometer sensor. The holder of the portable 
spectro-radiometer sensor captures and measures the images and spectral ref-
lectance of earth surface features. The optical sensor lock enables users to utilize 
the different sizes of the optical sensor. Changing the optical sensor requires no 
change in the entire goniometer. The goniometer of the NEqO system needs no 
modification when another optical sensor is used. The optical sensor lock re-
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duces the cost and increases the efficiency and speed of the goniometer. The 
holder of the portable spectro-radiometer sensor provides users the opportunity 
to select the optical sensor and/or the portable spectro-radiometer sensor for 
capturing and measuring the radiometric reflectance of the NEqO system. In 
this way, the proposed device can be used to collect hyperspectral data or im-
ages. However, existing goniometers have either a hyperspectral sensor or an 
optical sensor, and none is equipped [3] [4] [11]. The goniometer of the NEqO 
system designed for use in both the laboratory and the field is equipped with 
optical and hyperspectral sensors. 

This goniometer is built to simulate NEqO system images. It can simulate 
multi-sensor systems, geostationary satellite systems, polar satellite systems, and 
any other systems. Therefore, it can be used in different remote sensing applica-
tions. In this work, our focus is on the use of the proposed device to simulate the 
NEqO system.  

Items (1) and (2) above indicate that the goniometer of the NEqO system is 
cheap, suitable, and easy to use. The diameter of the external and internal hold-
ers are 15 and 10 mm, respectively, and their heights are both 5 mm. Figure 8 
shows the details of the holder in part “A”. 

2.2. Goniometer Manufacturing and Materials 

The second stage of building this goniometer was the manufacturing stage. After 
finished the designs of all goniometer’ parts, we start to build up this device. The 
materials used to build the simulation NEqO device are stainless steel and plas-
tic. The selection of these two material types is based on considerations of the 
environment, climate conditions, and user safety in tropical areas in equatorial 
regions [1] [3] [6] [10]. For example, the plastic material is used to build all the 
locks to protect the hands of users from high temperatures, especially when us-
ers need to use this invention outdoor for the entire day. The goniometer is 
made of stainless steel to protect it from damage and erosion in equatorial re-
gions with high humidity, rainfall amount, and heat [11] [12]. However, using 
stainless steel makes the simulation NEqO system heavy; thus, the size of our de-
sign is small to reduce its weight for ease of transfer. All the steps of manufac-
turing were made on UPM University labs, Selangor, Malaysia. Figure 9 illu-
strates a part of manufacturing side of this goniometer. 

3. Collecting and Measurement Environment 

In this stage, the parts of this goniometer were collected together. On the other 
side, there is an issue should be discussed, it is the illumination distance (dis-
tance from the light source to the center of the target) in the laboratory and/or 
field is held constant at 104 mm [5] [7] [8]. The light equally covers the study 
area using the light reflectors, as described in Figure 5. To avoid unwanted scat-
tering and its effects, the ground area of the laboratory is covered with wall pa-
nels painted with black non-reflective paint. Figure 10 illustrates the setup of the  
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Figure 9. Manufacturing side of the goniometer. 
 

 
Figure 10. Setup of the goniometer. 
 
goniometer system in the laboratory of the Geospatial Information Science Re-
search Center (GISRC) of the University Putra Malaysia (UPM) after made all 
the components of this goniometer. 

4. Results and Discussion 

After finish designing, manufacturing and collecting goniometer parts, the go-
niometer became ready to test as indicates in Figure 11. The simulated NEqO 
system can capture images in any zenith and azimuth angle of the illumination 
source and sensors. Image capture can be achieved in the field (outdoor) or in-
side the laboratory by using an optical sensor (camera) or a portable  
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Figure 11. Invented remote sensing goniometer. 
 
spectro-radiometer sensor. The system can be used to study the variation in the 
intensity values and spectral reflectance of the earth surface features distributed 
in the study area by capturing images through the camera sensor or by recording 
spectral reflectance through the portable Stellar Net spectro-radiometer. The de-
signed device can be utilized to collect both field and laboratory data. No other 
device can perform these system tasks [3] [4] [11] [21] [22] [23] [24] [25]. 

In this stage, we will discuss how to use the manufactured goniometer for 
Capturing images. It can be achieved using these general steps. 

1) The user determines where to use the device, that is, in the field or in the 
laboratory. 

2) The user determines the use of the optical and/or hyperspectral sensor. The 
user then adjusts the circular roll azimuth angle toward the direction of the 
North Pole. The azimuth angle of the sensors and illumination source should be 
selected, and their respective azimuth locks should be used.  

3) The user locates each sensor and illumination source in specific zenith an-
gles in relation to each other. The user then utilizes the zenith angle locks of the 
sensors and illumination source. 

4) The user can capture NEqO images with the optical sensor and record 
spectral reflectance with the portable spectro-radiometer sensor. 

5) Steps (1) to (4) are repeated with some modifications in the azimuth and 
zenith angles of the sensors and illumination source to capture and collect new 
data. Table 1 shows the image capture specifications. 

The proposed NEqO system was tested in the laboratory and in the field. We 
captured images by using the optical sensor. The captured images appeared to 
have the same problems and distortions as the real NEqO satellite images  
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Table 1. The specifications of captured images in GISRC lab. 

Images no. Light intensity Location 
Sensor and light source 

(azimuth and zenith angles) 

1 low UPM University zero 

2 moderate UPM University zero 

3 higher UPM University zero 

Reference The highest UPM University zero 

4 Less than UPM University zero 

5 moderate UPM University zero 

6 lowest UPM University zero 

 
obtained from the NEqO Malaysian RazakSAT satellite. The system was easy to 
use and flexible. Table 1 shows the specifications of captured images inside the 
GISRC lab, UPM University, Malaysia. In 2015, however, Figure 12 illustrates 
the configuration of captured images regarding to the energy source and sensor 
configuration and locations. Next stage, was performed the Lab preparations to 
capture the images inside the UPM Lab as shown in Figure 13. This stage in-
cludes selecting different features to simulate the real world’s features such as 
soil, plantation, stone, cements and Bricks. Authors selected all these features 
because most the real objects in real world have the same materials. Six images 
were captured have different reflectance to simulate the NEqO system after 
make everything in Lab ready and the images indicate in Figure 14. The sensor 
and energy source were fixed to be at Nadir for all captured images  

Figure 12 demonstrates the geometric view of the sensors and illumination 
source, and Figure 13 and Figure 14 show six images captured to simulate the 
NEqO satellite system. The images were captured in the laboratory of the GISRC 
of the UPM University. Each image has different illuminations, which may be 
studied further for relative radiometric normalization. The captured images 
were tested and compared with real near-equatorial images from the RazakSAT 
satellite. The results revealed that the images produced by this goniometer have 
the same distortion, rotation, scaling, and illumination as near-equatorial im-
ages. After finished images capturing of the six images the lab, there was made a 
comparison between the proposed system with other goniometer systems. The 
outcomes of this comparison reveal that the designed NEqO system has the fol-
lowing features. 

1) It can capture images in any zenith and azimuth angle of the illumination 
source and sensors. 

2) It can capture images in the field (outdoor) or inside the laboratory, unlike 
others can perform measurements in fieldwork or laboratory [2] [26].  

3) It is equipped with an optical sensor (camera) and a portable spec-
tro-radiometer sensor. Most goniometers only have one sensor [23]. 

4) It can be used to study the intensity variation values and the spectral reflec-
tance of the earth surface features distributed in the study area to capture images  
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Figure 12. Configuration of captured images: (a) optical sensor and illumination in the 
azimuth and zenith angles and (b) scattering directions. 
 

 
Figure 13. Preparation for collecting data inside UPM University Lab. 
 

 
Figure 14. The collected images in different illumination inside UPM university lab. 
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with the optical sensor or record the spectral reflectance by launching the porta-
ble Stellar Net spectro-radiometer. 

5) It can be used to collect both field and laboratory data. No another device, 
including those proposed in previous studies can perform these tasks [3] [4] [11] 
[21] [22] [23] [24] [25]. 

6) It is easy to transport, sufficient, robust, inexpensive, and able to function 
optimally under difficult field conditions. Other devices are expensive and diffi-
cult to transport, especially with these devices fixed in the laboratory [23] [25]. 

7) It is weather-resistant because it is made of stainless steel. 
8) It can be used to simulate different types of satellite systems on the basis of 

their launched orbital to capture images for the radiometric measurement of the 
BRDF of natural earth surface features, especially with anisotropic reflectance 
under freely selectable azimuth and zenith angles of the sensors and source illu-
mination. Thus, it is a comprehensive goniometer. Other goniometers can per-
form only one task at a time [4] [23] [24] [25]. 

9) It can be used for research on academic society, remote sensing, space 
agencies, and astronomical field. Previous goniometers are limited to academic 
society [4] [25]. 

10) It easily maximizes the fully azimuth and zenith angles of the illumination 
source and sensors in fieldwork and/or in the laboratory. In other devices, the 
azimuth and zenith angles are fixed [21] [26] [27]. 

11) It has an adjustable optical container that allows the use of different types 
of optical sensors [4] [11] [24] [25] [26]. 

12) It has an adjustable hyperspectral sensor holder that allows the use of dif-
ferent types of spectro-radiometer sensors [4] [11] [24] [25] [26] [27]. 

5. Conclusion 

The proposed device is a remote sensing goniometer for laboratory and field use 
that is designed and built to measure and capture the anisotropic reflectance be-
havior of earth surface features to simulate the NEqO system imagery by using 
the sun in the fieldwork or controlled illumination conditions at the laboratory. 
In addition to an optical sensor, this goniometer is equipped with a portable 
spectro-radiometer sensor to measure bi-directional spectral reflectance. The 
advantages of the device are the high measurement speed and the possibility of 
performing measurements depending on the freely zenith/azimuth angles of the 
sensors and source illumination. This device can be used in the fieldwork and/or 
laboratory with two different sensors (optical and portable hyperspectral) and is 
thus called a four-in-one device. The captured images were tested and compared 
with real near-equatorial images from the RazakSAT satellite. The results 
showed that the produced images of the proposed device have the same distor-
tion, rotation, scaling, and illumination as near-equatorial images. The proposed 
goniometer simulates all types of satellite and airborne platforms, such as polar, 
geostationary, and multi-sensor satellite systems. Hence, this device is compre-
hensive. For our future work, we intend to use the simulated images to overcome 
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the relative radiometric normalization problems in NEqO imagery. Further-
more, we plan to develop this goniometer to simulate 3D views of NEqO areas 
by launching a LIDAR sensor. 
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