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 A ground station antenna system features a conical horn attached to a 

microstrip antenna as an alternate receiving feed antenna. The proposed 

microstrip antenna has circular polarization and operates in the X-band. The 

far-field parameters of the antenna are measured after developing and 

simulating the combination of a conical horn and a microstrip antenna. The 

modeling results for a microstrip antenna with a conical horn offer a working 

bandwidth of 930 MHz, spanning frequencies 7.44 GHz to 8.37 GHz. The 

axial ratio measurements for a microstrip antenna joined with a conical horn 

produce a working bandwidth of 150 MHz, covering frequencies ranging from 

7.72 GHz to 7.87 GHz. The conical horn is attached to a microstrip antenna 

and has a gain of 15.1 dB. The proposed antenna is designed to meet ground 

station antenna requirements by pairing it with a parabolic reflector with a 

diameter of 3.7 meters. The primary focus antenna of the proposed design was 

chosen. The feed antenna and parabolic reflector should be positioned at a 

focus point distance of 1110 mm for a total gain of 38.9 dB at 7.8 GHz 

frequency. The proposed antenna can be applied on X-band remote sensing 

ground stations as a receiving antenna. 
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1. INTRODUCTION 

Indonesia, an enormous archipelago, has a remarkably diverse ecology and terrain, along with several 

geographical challenges, and is vulnerable to natural calamities such as earthquakes, tsunamis, volcanic 

eruptions, and floods in terms of disaster mitigation [1]. Satellite imaging provides a useful platform for 

monitoring environmental changes such as deforestation, soil erosion, decreasing water quality, and changes 

in land cover [2], more prompt and efficient response to serious disasters for damage mapping, initial 

monitoring, and disaster management. Satellite imageries can help with the planning and monitoring of 

infrastructure upgrades such as roads, bridges, ports, and airports [3], monitor agriculture, anticipate 

agricultural production, and identify problems like drought or insect infestations [4], and be used to better to 

understand regional and global climate [5]. Remote sensing satellites have proven to be a very effective and 

significant tool to collect critical information in a comprehensive, timely, and consistent manner [6]. 

Satellites in orbit around the earth utilize various sensors to collect remote sensing data, transmitting it 

to ground stations for reception, analysis, and application across various fields [7]. Understanding the intricate 

interplay between satellite communication and ground stations is crucial for advancing the development of remote 
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sensing technologies and applications. This knowledge facilitates the creation of more efficient, reliable, and 

adaptable ground station systems, essential for tackling increasingly complex challenges [8]. 

An integral element of satellite communication infrastructure is the ground station’s antenna system, 

responsible for receiving remote sensing data from satellites [9]. This system comprises key components: a parabolic 

reflector, a metal disc with a reflector shaping the signal’s path to the antenna’s focal point [10], and the feed 

antenna, positioned near the focal point to capture and transmit the signal to the receiving system [11]. Typically 

mounted on a drive system, the antenna can be adjusted in both azimuth and elevation directions for precise 

satellite tracking. The quality, accuracy, and dependability of these antennas are crucial for obtaining high-

quality remote sensing data. This antenna needs to be able to receive signals from a variety of angles and route 

them precisely to satellites. Using horn antennas, the fundamental limitation is their great physical size. The 

use of microstrip antennas in ground station systems to replace horn antennas is a significant advancement in 

satellite communications and remote sensing technologies [12]. Microstrip antennas are smaller, lightweight, 

and cost-effective than traditional horn antennas; they have become a popular choice in a wide range of 

applications. A microstrip antenna is a flat antenna composed of a tiny sheet of dielectric placed on a conductive 

substrate such as copper. This arrangement provides a circuit capable of emitting electromagnetic radiation. 

This antenna features a flat, compact form, making it easy to place on flat surfaces and a space and design-

efficient alternative. Microstrip antennas have the advantage of being significantly more compact than horn 

antennas, making them more suited for ground stations with limited area. Microstrip antennas are typically less 

expensive to manufacture and install than horn antennas. Microstrip antennas can be constructed in a range of 

forms and sizes to meet the needs of certain applications. The use of microstrip antennas in ground stations to 

replace horn antennas has resulted in substantial advancements in satellite communications and remote sensing 

technology. This condition enables the use of more efficient antennas in terms of space, cost, and design while 

still meeting the critical necessity for accurate transmission and reception of satellite signals [13]. 

Circular polarization finds application in ground station systems operating in X-band frequency 

channels, and it holds significance in the design of microstrip antenna [14]. One notable benefit is its capacity 

to mitigate multipath phenomena, commonly observed when signals in the X-band frequency encounter 

reflections from diverse objects and structures surrounding the ground station. It is also more resistant to 

reflections, which cause variations in phase and amplitude in the signal, reducing the possibility of interference 

and distortion in communication.  

Microstrip antenna designs employ a variety of techniques, including the employment of truncated, 

slit, and slot elements in the patch to achieve circular polarization. The radiation element in the truncated 

approach is in the form of a patch that is cut at the edges, where this cut allows the antenna to produce circular 

polarization and functions to change the shape of the polarization from linear to circular [15], [16]. Circularly 

polarized microstrip antennas using a slit approach in which one or more slits in the patch element modify the 

radiation pattern and polarization from linear to circular [17], [18]. Slit antennas have the advantage of 

providing flexibility in adjusting orientation and polarization properties. The slot-based microstrip antenna 

with circular polarization is a patch-shaped radiation element with one or more gaps on its surface that operates 

as a replacement feed element to produce circular polarization [19], [20].  

Proximity coupling and coaxial probe approaches are two methods used in microstrip antenna design 

to achieve different goals based on the application requirements. The proximity coupling technique is easier 

than others since it includes inserting passive elements such as patches in the top layer and microstrip lines in 

the middle layer separated by substrate material. Proximity coupling techniques are employed in a variety of 

applications, such as circular polarization, bandwidth augmentation, and radiation pattern enhancement [21], [22]. 

Coaxial probe techniques are more stable in terms of performance than other methods because, once properly 

installed, the probe tends to maintain the intended performance under a variety of environmental circumstances. 

Coaxial probe techniques are frequently employed in microstrip antenna feed applications, such as horn feeds, 

to improve signal entry and exit efficiency [23]–[25]. 

This research proposed using a conical horn attached to a microstrip antenna as an acquiring feed 

antenna in a ground station antenna system. The proposed X-band antenna has circular polarization. The 

technique for producing circular polarization was explained in the previous paragraph. According to 

simulations, the proposed microstrip antenna design offers a gain of 8.31 dB. The return loss modeling results 

reveal that the antenna can operate at frequencies ranging from 7.52 GHz to 8.35 GHz, with an axial ratio 

bandwidth ranging from 7.68 GHz to 7.91 GHz. After designing and simulating the combination of a microstrip 

antenna along with a conical horn, the far-field parameters of the antenna are measured. The return loss 

modeling findings for a microstrip antenna featuring a conical horn yield a working bandwidth of 930 MHz, 

spanning frequencies 7.44 GHz to 8.37 GHz. The axial ratio simulation results for a microstrip antenna along a 

conical horn yield a working bandwidth of 150 MHz, spanning frequencies of 7.72 GHz to 7.87 GHz. A conical 

horn attached to a microstrip antenna achieves a gain simulation of 15.1 dB. 
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The return loss measurements for the conical horn attached to the microstrip antenna yielded an 

operational bandwidth of 1.07 GHz, which covered the frequency range of 7.6 GHz to 8.67 GHz. The gain 

measurement findings for the conical horn microstrip antenna are 13.65 dB. To fulfill the ground station 

receiving antenna requirements, the proposed antenna, the conical horn microstrip, is paired with a 3.7-meter-

diameter parabolic reflector. The feeding technique for the parabolic antenna system chosen is the primary 

focus model. After parameterizing the focus point distance between the parabolic reflector and feed antenna, 

the optimal distance of 1110 mm was determined, giving a total gain of 38.9 dB at 7.8 GHz. This step 

demonstrates that the proposed antenna can be utilized as a receiving X-band antenna for joint polar satellite 

system (JPSS)-1 data reception in the ground stations. 

 

 

2. METHOD 

This section explains how to build the proposed antenna design, which consists of a parabolic 

reflector, a conical horn antenna, and a microstrip antenna. NPC-H220 is the material used as the microstrip 

antenna substrate with a thickness of 1.6 mm, copper cladding thickness of 0.035 mm, a loss tangent value of 

0.0005, and a relative permittivity value of 2.17. The conical horn antenna is made of aluminum which is 

approximately 4 mm thick. The parabolic reflector, made of aluminum, is one millimeter deep. 

 

2.1.  Microstrip antenna 

The microstrip antenna has a square radiation patch. The radiation patch is trimmed in a triangular 

shape at the two opposite ends, with a slit cut also added. These two techniques, truncated and slit, can be used 

to create antennas with circular polarization. Truncated shapes can be designed to produce circular polarization 

by carefully shaping the edges to create a circularly polarized radiation pattern [26], [27]. Circular polarization 

is achieved when the electric field vector rotates circularly as the wave propagates. Slit shapes can be employed 

to widen the bandwidth over which the antenna maintains specific polarization characteristics [28], [29]. A slit 

refers to a narrow opening or cut in the radiating patch, and its specific shape and orientation can have a 

significant impact on the polarization characteristics of the antenna. 

The truncated and slit technique values are calculated using (1) and (2). The power connection to the 

antenna is made using a coaxial probe technique which is pierced from the back of the antenna, specifically 

the ground plane side, which penetrates the substrate material until it reaches the square-shaped radiation patch. 

The (3) is used to calculate the value of the location of the coaxial probe. The ring shape on the edge of the 

microstrip antenna connects the ground plane to the horn antenna, which are both connected using the vias 

technique. 

 

𝑙𝑠 =
𝑊𝑝

2.72
 (1) 

 

𝑤𝑠 =
𝑙𝑠

10
=

𝑊𝑝

27.2
 (2) 

 

𝑦𝑜 =
𝑊𝑝

2
 (3) 

 

𝑅 =
1.8412 𝑥 𝑐

2 𝑥 𝜋 𝑥 𝑓𝑐
 (4) 

 

Figure 1(a) presents the front, rear, and side views of a microstrip antenna. The front view shows a 

radiation patch in the middle and a copper ring at the antenna edge. The rear view shows the ground plane part, 

which is completely covered in copper, and the side view shows the coaxial probe technique, which serves as 

a feeder for microstrip antennas. The microstrip antenna has a square patch in a circular substrate with a radius 

of 𝑟=54 mm, with the following dimensions: 𝑙𝑐=2.4 mm, 𝑙𝑡=2.75 mm, 𝑤𝑝=11.6 mm, 𝑤𝑠=0.3 mm, 𝑦𝑜=3 mm, 

and 𝑙𝑠=2 mm, as shown in Figure 1(b). To determine the r value as the inner circle diameter of the conical horn 

antenna, apply (4) with the center frequency set to 7.8 GHz to obtain the initial 𝑟 value. However, 

parameterization is used to alter the microstrip antenna’s substrate size, with four times the value of 𝑅 being 

the best number. 

 

2.2.  Conical horn 

A horn antenna produces a focused, directed radiation pattern and is available in various shapes and 

sizes. A conical horn antenna is a type of antenna with the physical shape of a projecting cone that is commonly 

employed in communications and radar applications. The conical horn antenna has the shape of a cone that is 

open at one end and widens at the other. An element used to transmit or receive radio frequency waves is 

usually present at the open end. These antennas are frequently composed of high-quality metals such as copper 
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or aluminum to improve conductivity and efficiency. These devices are widely utilized in radar and 

communications due to their consistent emission pattern. 

 

 

 
 

 

(a) (b) 

 

Figure 1. Microstrip antenna from: (a) front view, rear view, and side view and (b) geometry 

 

 

The (5) is used to calculate the value of the conical horn antenna outer circle (d). In this formula, the 

frequency 7.8 GHz is used to determine the wavelength value, the value 15 dB is chosen as the expected gain 

value for the antenna, and 𝐿 is the loss figure produced by the antenna. After parameterization, the most optimal 

value for d, 108 mm, is produced. Figure 2(a) is an image of a conical horn from the front with an inner cross-

sectional diameter of 𝑑𝑜=100 mm and an outer cross-sectional diameter of 𝑑=108 mm. Figure 2(b) is an image 

of a conical horn from the back with an inner cross-sectional diameter of 𝑟𝑜=46 mm and an outer cross-

sectional diameter of 𝑟=54 mm. Figure 2(c) image of the conical horn from the side with a length of 𝑙ℎ=50 mm 

and this value is obtained from (6). 

 

𝑑𝑜 =
10

(
𝐺+𝐿

20 )
𝜆

𝜋
 (5) 

 

𝑙ℎ =
𝑑𝑜2

3𝜆
 (6) 

 

 

   
(a) (b) (c) 

 

Figure 2. Conical horn from: (a) front view, (b) rear view, and (c) side view 

 

 

2.3.  Parabolic reflector 

One type of reflector that concentrates and directs electromagnetic radiation, like radio waves, at a 

particular spot is a parabolic antenna reflector. The main part of a parabolic antenna is the parabolic reflector, 

a flat surface that generates the parabola curve. When electromagnetic waves hit the reflector, they are reflected 

and focused at the parabola’s center. The feed antenna is a receiving antenna and an electromagnetic wave 
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device that is situated close to the center of the parabola. At the focus point, the electromagnetic waves reflected 

by the parabolic reflector will combine. The antenna feed is placed at the focus point to ensure that the waves 

are correctly focused. The feed antenna is shown in Figure 3 in paired with a 3.7-meter parabolic reflector. The 

specifications of the parabolic reflector, as determined from (7), include a diameter of 𝐷𝑖=3700 mm, a depth 

of ℎ𝑜=740 mm, and a focal point distance of 𝐹=1156.25 mm. 

 

𝐹 =
𝐷𝑖2

16 ℎ𝑜
 (7) 

 

 

 
 

Figure 3. Geometry of 3.7-meter parabolic reflector 

 

 

3. RESULTS AND DISCUSSION 

This section provides an in-depth analysis of the research findings. The collected results include 

simulation results as well as measurements in the anechoic chamber laboratory. Among the characteristics of 

the antenna that are mentioned are the return loss, radiation pattern, axial ratio, and gain. The proposed antenna 

is shown in Figure 4, whose far-field parameters have been measured in the National Research and Innovation 

Agency (BRIN) anechoic chamber laboratory. Measurement of antenna parameters, including return loss, using 

the keysight fieldfox microwave analyzer N9917A 18 GHz. Measurements of antenna parameters, including 

radiation pattern, gain, and polarization, were carried out in an anechoic chamber using a transmit antenna AH 

systems double ridge guide horn antenna SAS-571 700 MHz-18 GHz and agilent technologies PNA network 

analyzer N5221A 10 MHz-13.5 GHz device. 
 
 

 
 

Figure 4. Antenna far-field measurements 

 

 

3.1.  Return loss 

Figure 5 presents the comparison results of return loss from three different microstrip antennas: one 

with a conical horn installed in simulation, and one with a conical horn alongside the antenna in measurement. 

The microstrip antenna has an 830 MHz bandwidth and operates between 7.52 GHz and 8.35 GHz, with a return 

loss threshold of -10 dB. In simulation, a microstrip antenna coupled with a conical horn produces a 930 MHz 

bandwidth with an operating frequency range of 7.44 to 8.37 GHz. In measurement, a microstrip antenna joined 

with a conical horn produces a 1,070 MHz bandwidth with an operating frequency range of 7.6 to 8.67 GHz. 

Based on a comparison between the return loss of a single microstrip antenna and a conical horn attached to a 

microstrip antenna, the microstrip antenna with a conical horn exhibits a larger operating bandwidth than the 

single microstrip antenna. 
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Figure 5. Return loss comparison 

 

 

Different outcomes are obtained when the return loss of a microstrip antenna coupled with a conical 

horn is tested and simulated. This result is most likely due to an incorrectly sized patch on the microstrip 

antenna during antenna manufacturing. As shown in Figure 5, there is erosion in the microstrip patch because 

the microstrip antenna is designed to operate at the X-band frequency. The size of the antenna is quite small, 

thus, the little reduced patch size has a significant impact on the form of the ensuing return loss. 

 

3.2.  Radiation pattern 

Figure 6 shows the E-plane radiation pattern for a microstrip antenna and a conical horn attached to 

it. A microstrip antenna emits a directional radiation pattern, whereas a conical horn antenna functions as a 

rectifier, resulting in a more directed radiation pattern. Figure 6 shows back lobes in the 30° and 340° directions, 

with the microstrip antenna’s radiation pattern power ranging from -16 dB to 8 dB. While a conical horn is 

attached to a microstrip antenna, the radiation pattern becomes more directional, with the primary focus point 

in a specific direction and a magnitude of approximately 15 dB. 

Figure 7 shows the H-plane radiation pattern of a microstrip antenna and a conical horn mounted on 

it. The microstrip antenna features a directed radiation pattern with a power range of -16 dB to 8 dB. The 

pattern of radiation of the conical horn antenna is very direct. As a result, when a conical horn is connected to 

a microstrip antenna, the radiation pattern becomes more directive, with the main concentration of the emission 

pattern pointing in one direction as in Figure 7. Figures 6 and 7 show noticeable discrepancies between 

simulation results and measurements of a conical horn attached to a microstrip antenna. This condition occurs 

because the soldering process on the antenna supply is not neat enough. The second possibility is that the 

process of manufacturing the conical horn is not smooth enough, resulting in a lot of ripples in the side lobe, 

resulting in the radiation pattern results during measurement being very different from the radiation pattern 

results when simulating. 

 

 

 
 

Figure 6. E-plane radiation pattern comparison 

 

 

3.3.  Axial ratio 

One of the factors used to assess the level of circularity or ellipticity of polarization on a microstrip 

antenna designed to produce circular polarization is the axial ratio. This value indicates how close the 

polarization produced by the antenna is to pure circularity. The electric field vector of the electromagnetic 

waves generated by the antenna rotates constantly along the circuit in circular polarization. 
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Figure 7. H-plane radiation pattern comparison 

 

 

As the signal flows forward, the direction of the electric field turns into a circle. Circular polarization 

has a wide range of uses, particularly in satellite communications and radar. At a given position, the axial ratio 

is the ratio of the amplitudes of the vertical and horizontal polarization components of the electromagnetic field 

produced by the antenna. This ratio is used to assess the degree of degeneration from pure circular to elliptical 

or linear polarization. An axial ratio close to 0 dB suggests near-perfect circular polarization, which is ideal for 

circular polarization applications. 

The axial ratio results for a microstrip antenna with a 3 dB limit range of 7.68 GHz to 7.91 GHz are 

displayed in Figure 8, yielding a broad axial ratio bandwidth of 230 MHz. In simulation, axial ratio findings 

for a microstrip antenna coupled with a conical horn using a 3 dB limit range from 7.72 GHz to 7.87 GHz, 

implying a 150 MHz broad axial ratio bandwidth. In measurement, axial ratio findings for a conical horn 

attached to a microstrip antenna using a 3 dB limit range from 7.45 GHz to 7.75 GHz, implying a 300 MHz 

broad axial ratio bandwidth. 

 

 

 
 

Figure 8. Axial ratio comparison 

 

 

3.4.  Surface current 

The surface current simulation on the antenna produces a graphical representation of the surface 

current flowing across the antenna surface. This simulation is beneficial for understanding and assessing how 

current flows through the antenna and how the distribution of this current affects the radiation pattern and 

performance parameters. Surface current simulation visualizes the current distribution across the antenna’s 

surface. It shows where the current is strongest and where it is weak or even zero. This image is often created 

in the form of a color plot or vector that shows the current direction and amplitude at each location on the 

antenna. 

The current movement in a conical horn attached to a microstrip antenna is depicted in Figures 9(a) to 9(d). 

The current is moved from the middle of the patch that emerges from the coaxial probe supply to the surface 

of the radiator, which is a single square patch. These two ways produce a rotating current by using a square 

patch with cuts at both opposite ends and two slits in the patch facing each other. As illustrated in Figure 9, 

this antenna creates right hand circular polarization. 
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(a) (b) 

  

  
(c) (d) 

 

Figure 9. Surface current: (a) 0°, (b) 90°, (c) 180°, and (d) 270° 

 

 

3.5.  Gain antenna 

Because satellite reception requires a high antenna gain, a parabolic-shaped reflector could be used to 

improve the antenna’s gain; however, the point of focus separation between the feeding antenna and the 

reflector must be taken into consideration. In the prime focus antenna system, the input of the antenna is placed 

at the parabolic reflector’s middle point of focus. The following phase is to determine the best distance from 

the source antenna to achieve the best gain value. 

Figure 10 presents the parabolic reflector’s focus length parameterization, with an ideal point of focus 

distance of 1156.25 mm calculated for a 3.7-meter parabolic reflector. At this distance, it generates a gain of 

32.1 dB. Due to the required gain being greater than 30 dB, the span between the feeding antenna and the 

reflector must be specified. Figure 10 shows a characterized image of a parabolic antenna central focus. 

However, the best results are obtained with a focus length of 1110 mm, resulting in a gain of 38.9 dB.  

 

 

 
 

Figure 10. Focus length parameterization at frequency 7.8 GHz 

 

 

Table 1 compares the gain of the antenna of a microstrip antenna, a conical horn attached to a 

microstrip antenna, and a feed antenna with a reflector. A microstrip antenna has a gain of 8.31 dB. A conical 

horn attached to a microstrip antenna achieves a gain of 15.1 dB. Figure 11 depicts a conical horn attached to 

a microstrip antenna and a 3.7-meter parabolic reflector, with a gain of 38.9 dB. A conical horn attached to a 

microstrip antenna gives a gain of 15.1 dB. As a result, combining the proposed antenna with a 3.7-meter-
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diameter parabolic reflector increases the gain by 23.8 dB. This increase is sufficient to show that the mixed 

antenna’s overall simulation gain encounters the requirements for a satellite gathering antenna at the ground 

station. 

 

 

Table 1. Antenna gain comparison 
Antenna type Antenna gain (dB) at 7.8 GHz 

Microstrip antenna 8.31 
Microstrip antenna with conical horn combined (simulation) 15.10 

Microstrip antenna with conical horn combined (measurement) 13.65 

Microstrip antenna with conical horn combined 3.7-meter parabolic reflector 38.90 

 

 

 
 

Figure 11. Gain of antenna microstrip with conical horn combined with a 3.7-meter parabolic reflector 

 

 

Table 2 compares microstrip antennas developed for X-band frequency channels. Kothapudi and 

Kumar [30], a microstrip antenna with a working frequency of 9.2-9.36 GHz was designed utilizing RT/duroid-

5880 material and achieved a gain of 11 dB. The reference paper [31] shows that using RT/Duroid-5880 

material to create a microstrip antenna with a working frequency of 9.875-10.125 GHz had a gain of 9.7 dB. 

In the reference article [32], a gain of 6.08 dB was obtained by employing RO4350B material to create a 

microstrip antenna with a working frequency of 8.0-8.4 GHz. The proposed antenna, a conical horn attached to 

a microstrip antenna made of NPC-H220A substrate material, provides a working frequency of 7.44-8.37 GHz 

and a gain of 15.1 dB. 

 

 

Table 2. Comparison of microstrip antennas in X-band 
Reference Substrate Dimension (mm) (lengthxwidthxdepth) Frequency (GHz) Gain (dB) 

[30] RT/Duroid-5880 100x100x1.6 9.2-9.36 11 
[31] RT/Duroid-5880 40x40x4.79 9.875-10.125 9.7 

[32] RO4350B 35.6x35.6x3.153 8.0-8.4 6.08 

Proposed antenna NPC-H220A 108x108x52.3 7.44-8.37 15.1 

 

 

4. CONCLUSION 

The proposed microstrip antenna joined with a conical horn has circular polarization and operates in 

the X-band. The results of the return loss modeling for a microstrip antenna featuring a conical horn produce a 

working bandwidth of 930 MHz, spanning frequencies 7.44 GHz to 8.37 GHz. The results of an axial ratio 

simulation for a conical horn attached to a microstrip antenna produce a working bandwidth of 150 MHz, 

spanning frequencies from 7.72 GHz to 7.87 GHz. The gain simulation result for a conical horn attached to a 

microstrip antenna is 15.1 dB. The results of return loss parameters, radiation patterns, gain, and axial ratio 

from simulations and antenna measurements have similar results. The proposed antenna is combined using a 

3.7-meter-diameter reflector to fulfill the requirements for receiving antennas at ground stations. The primary 

focus antenna for the proposed design was chosen. After parameterizing the space between the reflector and 

the feeding antenna, the optimal distance is 1110 mm, producing a total gain of 38.9 dB at 7.8 GHz frequency. 

The radiation pattern in the E-plane and H-plane, as well as the antenna return loss and gain, are all considered 

suitable for use as ground station antennas. Considering the communication system from the JPSS-1 satellite 

to the ground station requires a bandwidth of 50 MHz, the proposed antenna meets the specifications. 
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