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Abstract

:

The landscape visual effect of a city, which is generated by its long-term development, is an important index in city planning. In this study, we build a quantitative evaluation and remote sensing estimation scheme of landscape visual effect. The study contains two main steps. First, utilizing the Elo rating system and in situ sampled panoramic pictures, the quantitative assessment of the city landscape visual effect was carried out. Then, the landscape visual effect estimation model was built and applied to Landsat remote sensing image to generate the spatial distribution of landscape visual effect in Zhengzhou city, 2017. At last, the effect of different combination of land use and elevation to the landscape visual effect was discussed. The results showed the following: (1) the Elo rating system is an effective method to quantitatively evaluate the city landscape visual effect; (2) the landscape visual effect remote sensing estimation model had a good performance, with the mean absolute percentage error (MAPE) and root mean square error (RMSE) of the model are less than 0.05 and 80, respectively; (3) the landscape visual effect score of Zhengzhou city, 2017, was high in the southwest and low in the northeast; (4) different land use situation and average surface elevation had a complex influence on the landscape visual effect.






Keywords:


city landscape visual effect; Elo rating system; remote sensing estimation












1. Introduction


The urban landscape is formed by the mutual combination and influence of landscape materials [1]. Individuals have different subjective perceptions about the overall image of the landscape. How to improve people’s visual experience with the urban landscape has become very important in urban planning and design. Therefore, urban landscape visual effect has become an essential consideration in urban planning [2]. With China’s economic development, urban appearance and urban landscape have been greatly improved. Yet, there are still certain issues. “Beauty” has many definitions from the perspective of landscape aesthetics. Visual quality lacks unified definitions and standards [3]. As a result, the assessment of the urban landscape visual effect has attracted attention. Some experts and scholars put forward corresponding assessment indicators to quantitatively evaluate the visual effect of the urban landscape. Yang et al. [4] have stated that the visual perception of an urban landscape image contains three parts, namely, visual hierarchy, visual plate, and visual color. Niu et al. [5] reported that the urban skyline is mainly affected by indicators of tortuosity, real vision, and sense of hierarchy. Zhang [6] postulated that the urban contour is affected by nine factors, namely, the rhythm, identification, and fluctuation of the contour, the material, facade, and shape of architectural form, and the hierarchy, patch, and color of visual perception. Another popular way of evaluating visual effect is using surveys to find the connection between the substantive attribute of urban landscape space and the mass response [3].



The current assessment methods of urban landscape visual effect are quantitative or qualitative. Quantitative research is mainly based on the assessment indicator systems that been proposed by experts and scholars [7,8,9,10,11,12]. These studies have solid theoretical foundations, yet they are difficult to localize. The visual features beyond those indicators cannot be properly discussed. Meanwhile, qualitative methods are primarily social surveys with good locality [9,13,14]. However, these methods are difficult to quantify. When the comparison across different regions is needed, the effectiveness of these methods will be quite limited. This makes these methods not conducive to wide applications. Consequently, the assessment of the urban landscape visual effect is currently limited to verbal description. In urban planning, it is difficult to find a simple and reasonable standard to assess the current design, especially on a large scale (such as a city).



So, in urban landscape visual effect assessing missions, two questions need to be asked. The first one is: does an effective and objective method to assess landscape visual effect exist? If so, the second question is: how can this method be applied to assess the visual effect of the whole study area? To answer these questions, the Elo rating system [15,16] was used to quantify the subjective complex perceptions of landscape vision through a simple competitive comparison method, based on field collected samples. The Elo rating system was firstly applied to assess landscape visual effect by Goodspeed [17]. The research suggested that Elo rating system could inspire a new generation of visual assessment research. Furthermore, combined with machine learning and remote sensing technology, a remote sensing estimation model of urban landscape visual effect was developed in order to obtain the spatial distribution of the landscape visual effect. In addition, the urban landscape visual effect was spatialized. The proposed theoretical frame for the quantitative assessment of the urban landscape visual effect could provide present and reliable data to support urban design and urban landscape evolution research.



The two primary aims of this study are as follows: (1) to quantitatively evaluate the visual effect based on the Elo rating system and in situ collected panoramic pictures; (2) to build the statistical model from remote sensing parameters (land use map and evaluation map) to the visual effect scores yielded from step (1). Finally, obtain the visual effect map of the study area.




2. Data and Method


2.1. Overview of the Study Area


Zhengzhou is the capital of Henan Province, a key central city in Central China and the core city of the Central Plains Economic Zone (Figure 1), which is located in the south of the North China Plain, at the lower reaches of the Yellow River, and north of central Henan Province. There are six districts, namely, Zhongyuan, Erqi, Jinshui, Huiji, Guancheng, and Shangjie. Zhengzhou has developed rapidly in recent years. There are great differences between the new and old urban areas in terms of the concept and spatial distribution of construction projects. In addition, there are significant differences in the landscape visual effect.




2.2. Introduction to Research Methods


The proposed method contains two main steps (Figure 2). First, 50 panoramic images collected at representative regions in Zhengzhou (within the Fourth Ring Road) (Figure 3). In these regions, Wenhua Road, Jinshui River, and the North Third Ring Road are located in the old town region. Xiliu Lake Park is in the suburbs region. The central business district (CBD) and Longzi Lake are located in the new town area. Different construction period and planning concepts caused their different landscape visual effects. The pictures were sorted in pairs (1225 different combinations) as the image pool. In each questionnaire, 25 image pairs were randomly picked from the pool to simulate the competing process of different images. Fillers just need to pick a better one in the current pair and the next pair will be automatically generated subsequently by the questionnaire system. This simplified questionnaire filling process will help to retain the objectiveness of the results. After the questionnaire survey was carried out (1157 results were returned until 31 March 2018), using the questionnaire survey results, the panoramic images were scored through the Elo questionnaire system to obtain the quantitative assessment results of the landscape visual effect.



Then, the remote sensing estimation model of the landscape visual effect was constructed. Utilizing the Landsat 8 Operational Land Imager (OLI) images from 8 April 2017, the current land use map of Zhengzhou municipal districts in 2017 was obtained through the maximum likelihood supervised classification method that was integrated in ENVI 5.2 software. The performance of the classification was carried out using confusion matrix (the results are in Section 3.2.1). There are two reasons for choosing the image from 8 April 2017. Firstly, the questionnaire was sent and collected in 2017. Then, one important input variable of the proposed remote sensing model is vegetation proportion. This is the image with the best quality in the summer of 2017. Furthermore, the land use situation within a certain sight distance of the sampling point was obtained. In addition, the digital surface model (DSM) was extracted using the ZiYuan-3 (ZY3) stereo image pairs. To unify the spatial scale of DSM and classification image, the yielded DSM image was resampled from 4 m to 30 m through a bilinear resampling method. Before model training, the DSM data and classification image around each sample were standardized to [0, 1] using the “mapminmax” function in Matlab in order to avoid the quantity difference. Based on the assumption that the visual effect of a specific point is comprehensively affected by its surrounding landscape, the land use map and DSM within a certain visual range of the sampling point was used in the estimation model as independent variables. Finally, an artificial neural network (ANN) model was developed to estimate the landscape visual effect from those variables.




2.3. Data Acquisition and Processing


2.3.1. Acquisition of Panoramic Images


In the study, a panoramic image at each sampling point was collected to comprehensively reflect the landscape visual effect at this point. There are 50 points distributed in Zhengzhou (Figure 3) on 19 September 2017, 26 September 2017, 31 October 2017, 10 March 2018, 11 March 2018, and 17 March 2018, and they were used in training and validating the model. Furthermore, 4 independent verification samples were collected on 11 and 12 June 2018. The clearly visible faces in the photos were coded. The spatial distribution of sampling points is shown in Figure 3. In terms of spatial distribution, to ensure the representativeness of the sampling, the points traverse the urban area of Zhengzhou and are distributed in both new and old urban areas.



Figure 4 shows some representative images. Figure 4a was collected in the city center with dense high-rise buildings. Dominated by high-rise buildings, the view displays a small sky area. In addition, there is little green vegetation and the visual effect is poor. Figure 4b was collected from the city park surrounded by high-rise buildings. However, there is a large area of green vegetation. The sky area is large. The overall vision is effectible. Figure 4c was collected in the CBD located in a well-planned new district with spacious roads and dense vegetation. Although there are many high-rise buildings, the visible sky area is large, and the visual effect is good.



To quantitatively describe sky area and vegetation area, artificial segmentation was carried out for the panoramic pictures. Additionally, proportions of sky and vegetation were calculated.




2.3.2. Landsat8 OLI Images and Classification


The Landsat8 OLI data of Zhengzhou on 8 April 2017 were selected for radiometric calibration. The Fast Line-of-sight Atmospheric Analysis of Hypercubes (FLAASH) module, integrated in the ENVI 5.1 software, was then used for atmospheric correction. Furthermore, the vector file of Zhengzhou was used to extract the mask from the remote sensing images.



Considering the classification accuracy and image characteristics, Landsat8 OLI images were divided into four types: vegetation, construction land, water, and unused land (Table 1). Google Earth was used to help identify the surface object type during samples collection. Generally, 34 vegetation samples, 30 artificial surface samples, 32 water samples, and 25 unused land samples were collected over the whole image. Then, the maximum likelihood method was used to classify the image. The majority analysis method was used to remove small fragments.




2.3.3. Surface Elevation Data


The DSM was extracted through ENVI 5.1 by using the front and back views of the ZY3 stereo satellite image pairs, including 450 connection points with a mean square error of 5.69 (Figure 5).





2.4. Elo Rating System


The Elo rating system was proposed by Arpad Elo [15,16]. It was originally used to objectively calculate the relative strength of players in a chess competition. Currently, it is widely used in the strength grading of players in various competitions. Therefore, each panoramic image was regarded as a player. After several random pairwise comparisons, all the images were finally obtained, which were the scores and ranks of different urban landscape visual effects.



The collected panoramic images of 50 points were traversed by comparing the images one by one. A total of 1225 questions were obtained as the question bank. For each questionnaire, 25 questions were randomly selected. The options for each question were set as follows: the first image has a better visual effect, the second image has a better visual effect, and equally good. The person who fills in the questionnaire only needs to choose one of the three options.



The questionnaire results were calculated through the Elo rating system. The specific equation is as follows:


        R ′  A  =  R A  + K  (   S A  −  E A   )  ,      



(1)






       E A  =  1  1 +   10      (   R B  −  R A   )    400       ,      



(2)






       E B  =  1  1 +   10      (   E A  −  E B   )    400       ,      



(3)




where RA and RB are the scores of two images involved in the comparison (the initial score is 1600). SA represents the actual winning and losing value, where win = 1 point, draw = 0.5 point, and lose = 0 points. EA and EB are the winning rate of two images (the initial winning rate is 0.5). R’A is the updated score. Additionally, K indicates the impact of a single comparison on the score. In order to increase the discrimination of different images, 64 is taken as the K value in this study. The questionnaire only provided the total votes for each image. Hence, the comparison of each image pair was simulated each time through random allocation and then scored with Equations (1)–(3).




2.5. Remote Sensing Model of the Landscape Visual Effect


Considering previous studies, land use type, and the height of surface, objects within a certain distance around each pixel point were chosen to be the factors that affect the landscape visual effect. Therefore, within a certain distance, the area proportion of different land use types and the average elevation were used as the variables associated with visual effect scores to build the model. First, the area within 510 m (17 pixels on the image) around each pixel point was considered to be the main range that affects the visual effect of the point. The proportions of four land use types around the sampling points were extracted as four independent variables of the model. Meanwhile, the average elevation within 500 m around the sampling point was extracted as the other independent variable of the model. The visual effect rating results were used as dependent variable of the model.



Theoretically, the landscape factors (such as vegetation, water, openness, etc.) affect the visual effect in a complex way. Therefore, it is not reasonable to establish the relationship of landscape visual effect with the selected remote sensing factors through simple linear fitting. Hence, the ANN model was utilized to build the nonlinear corresponding relationship, to construct the visual effect model. Through a series of simple linear transformations combined with nonlinear transformations, the ANN obtains a network structure that can accurately express dependent variables through error reverse transmission and rapid training [18,19]. This made ANN performed well in certain linear indivisible issues [20,21,22,23,24].




2.6. Model Accuracy Assessment


Mean absolute percentage error (MAPE) and root mean square error (RMSE) were used to evaluate the error between the landscape visual effect score estimated by the model and the image rating results. The equation is as follows:


  M A P E =  1 n    ∑  i = 1  n    |     y i  −  y i ′     y i     |     



(4)






  R M S E =        ∑  i = 1  n     (   y i  −  y i ′   )   2   / n       



(5)




where yi and yi’ represent the landscape visual effect obtained by image rating and model estimation, respectively, and n represents the number of samples.





3. Results and Analysis


3.1. Elo System Rating Results


After 1 week of questionnaire statistics, 1157 questionnaires were collected, of which 854 were valid. A total of 21,350 answers were collected. In all the effective questionnaires, 69.77% were from Henan province, with 49.48% from male and 50.52% from female. The questionnaire results were randomly arranged, and the quantitative scores were obtained by the Elo rating system. The scores of different sampling areas are shown in Table 2.



Table 2 illustrates that the average score of visual effect in Zhengdong New District where CBD and Longzi Lake are located is significantly higher than that in other areas, which is consistent with the actual situation of high greening rate and dense rivers and lakes in Zhengdong New District. The visual effect near Henan Agricultural University is also good. These regions are away from city center and the high-rise buildings are not too dense. Jinshui River is located along the city center with a dense distribution of high-rise buildings. Therefore, its score is low. In the sampling season, the water level in Xiliu Lake Park recedes and the vegetation does not grow. Consequently, its score is also poor. The North Third Ring Road is the area with the worst score, which may be closely related to the surrounding high-density viaducts and high-rise buildings.



In the results, there are three panoramic images with a substantial amount of vegetation and waters nearby. However, the overall image looks dark due to the light problem in the photography process, which affects the overall impression. That abnormal information will be introduced into the model, resulting in unnecessary errors. Therefore, these three samples were removed during visual effect modeling; the remaining 47 sampling points were analyzed in the model.




3.2. Visual Effect Remote Sensing Model Result


3.2.1. Land Use Status and Surface Elevation


The current land use situation of the Zhengzhou urban area in 2017 is mainly built-up land (red points in Figure 5). The vegetation and waters are mainly distributed at the edge of the urban area, whereas the unused land is scattered in the city. The vegetation in the urban area is mainly concentrated in parks (such as People’s Park, Zijing Mountain Park, Xiliu Lake Park, Cultural Park, and the Zoo), CBD, and Longzi Lake. The waters in the urban area are mainly concentrated in Ruyi Lake, Beilong Lake, and Longzi Lake in the CBD of Zhengdong New District, Dongfeng Canal in the north, and Jinshui River in the south. Unused land refers to the land to be developed after demolition and land leveling. The classification accuracy was verified by independently selected points. The confusion matrix is shown in Table 3.



The overall elevation of Zhengzhou is below 45 m. The terrain is high in the southwest and gradually becomes lower in the northeast. High-rise buildings (scattered high-value areas in the image) gather at the junction of five districts (old urban area). Further, there is a small gathering area in the east of the urban area (Zhengdong New District). Some elevation maps in the north of the urban area are missing because they were affected by the imaging range.




3.2.2. Visual Effect Modeling Results


The proportion of 4 surface object types and average DSM value within 500 m around 47 sampling points (Figure 3) were taken as the x, while the final visual effect score of 47 panoramic images was taken as y to determine the weightings of each node in the ANN. The transfer function of the first hierarchy network set to TANSIG. The number of neurons was set to 10. The transfer function of the second hierarchy network was set to PURELIN. The training parameter min_grad was set to 1×10−10, while max_fail was set to 10. The nftool in Matlab was used to define and train the network. A total 32 samples were randomly selected for network training, i.e., model construction. The other 15 samples were used for model validation.



The fitting results were shown in Figure 6. Both modeling sample and validation sample are evenly distributed near the 1:1 line. The MAPE indices of the modeling sample and the validation sample were 0.0293 and 0.0301, respectively; the RMSE indices of those samples were 73.528 and 64.155, respectively. This indicates that the constructed remote sensing estimation model not only can accurately estimate the landscape visual effect at the sampling point, but it can also accurately describe the landscape visual effect within the current range of values.




3.2.3. Visual Effect Estimation Results


The constructed neural network model was applied to the remote sensing images from 2017. The results are shown in Figure 7. The basic score is 1600. The higher the score, the better the visual effect, vice versa.



Figure 7 shows that the landscape visual effects in the west, south, and east of Zhengzhou in 2017 were good, whereas that in the north of Erqi District, the east of Zhongyuan District, the northeast of Guancheng District, most of Jinshui District, and Huiji District was poor. The landscape visual effect in most areas of Jinshui District was especially poor. Jinshui District is the administrative district with the highest economic level and the highest density of high-rise buildings in Zhengzhou. There are mountains and waters in the south of Erqi District with dense vegetation and water bodies; hence, its visual effect is the best. The elevation value of the southwest of Zhongyuan District is low. There are no dense high-rise buildings, so people do not feel repressed. The visual effect is also good. Moreover, as representatives of the new district construction, Beilong Lake and CBD area (Area 1 in Figure 7) in Jinshui District achieved a high greening rate, dense water bodies, spacious roads, and appropriate building density at the beginning of planning. Therefore, they also obtained good visual effect.



As for the whole city of Zhengzhou, the visual effect in the southwest is good, while that in the northeast is poor. However, there is one significant high value area: Area 1, in the middle of Jinshui District. There is one significant low value area: Area 2, at the junction of Zhongyuan District and Erqi District. To further verify the actual visual effect of those abnormal areas, two sampling points were selected for verification in these two areas. The point distribution is shown in Figure 3.




3.2.4. Verification of the Method


As shown in Section 3.2.3, the overall spatial distribution of visual effect in Zhengzhou, 2017, is reasonable. However, in the two marked areas in Figure 7, visual effect seems changing dramatically. In order to verify the authenticity of the visual effect estimation results, four panoramic images (green points in Figure 3) were collected in the Long Lake area (Area 1 in Figure 7) of Jinshui District and in the Bishagang area (Area 2 in Figure 7) of Erqi District. The results are shown in Figure 8.



Figure 8a was collected at Bishagang (Area 2 in Figure 7) on East Jianshe Road. The surrounding density is large, but the heights of buildings are low. Green vegetation makes people feel comfortable. The landscape visual effect score is 1919.87 at this point. From the score and landscape status, this sampling point is representative in this area (southwest high value area). Figure 8b was collected along the Jinshui River on Ruhe Road (Area 2 in Figure 7). This point is adjacent to the Jinshui River and has a substantial vegetation. However, the high and dense buildings suppress the visual perception, leading to the visual effect estimation value of 1379.38 at this point. Therefore, the low value area in Area 2 is mainly caused by high-rise buildings blocking the visible sky area. Figure 8c was collected on East Dongfeng Road and Zhongyi Road (Area 1 in Figure 7). Within the visual range of this point, there are spacious roads, low building height, substantial green vegetation, and a large visible sky area. However, the color effect is relatively poor, with a large number of artificial surfaces. As a result, the visual effect score is 1537.33 at this point. From the score and landscape status, this sampling point is well representative in the area (east low value area). Additionally, Figure 8d was collected in the Soccer Park located outside the central island of Beilong Lake (Area 1). There is a wide water surface, dense vegetation, and a large visible sky area. In addition, the artificial impervious surface has a small surface area and a good color scheme, making the visual effect good, and leading to the score of 1919.87. Therefore, the high value area in Area 1 is mainly due to urban waters and surface greening.



Through the collection of field panoramic images, the landscape visual effect estimation results were compared. The estimation results can accurately determine visual effect, which is suitable for the rapid analysis of the urban landscape visual effect on a large spatial scale.






4. Discussion


4.1. Visual Effect Simulation


Differently from previous studies, our proposed visual effect assessment scheme yields a remote sensing estimation model. The model showed satisfactory performance in our study area in the previous section. Therefore, beyond estimation of the existing sample points, the model could also perform prediction/simulation and reveal potential laws outside of the sampling points. In order to further explore the impact of different land use types and surface object elevations on the visual effect of urban landscape, a simulation was carried out based on the trained ANN model. In the simulation, the proportion of different land types and elevations were input into the model to calculate their corresponding visual effect scores. The proportion of single land type ranges from 0 to 0.95 with a step size of 0.05, constrained by the sum of all land types being 1. Finally, box diagrams of different land type proportion, surface object elevation, and visual effect score were plotted (Figure 9). Because the actual landscape visual effect rating value is between 1375.03 and 1919.87, only the visual effect scores in this interval was analyzed.



Figure 9 shows that, on the whole, the simulation points are few when the value of a certain element is too high (the land proportion is close to 1 and the elevation is close to 300). This is mainly because in this situation, the sample number will be greatly reduced according to the restriction where the total proportion of all land types is 1. Therefore, the simulation results with good statistical characteristics are concentrated below the proportion of 0.8 and the elevation of 250. First of all, the visual effect score trend does not show monotonic change, thus indicating that the impact of various elements on the visual effect is very complex. Separately, the vegetation proportion and landscape visual effect display one significant peak. When the vegetation proportion reaches 0.5, the overall visual effect is good. With the further increase in vegetation proportion, the visual effect becomes poor. This may be because the urban vegetation is mostly tall trees in the green belt, which will cover the sky and affect the visual width if their proportion is too high. Meanwhile, when the vegetation proportion is less than 0.4, the visual effect fluctuates significantly, yet the overall score is not high. The relationship between building proportion and visual effect shows two peaks. The first appears when the building proportion is 0.35 and the second peak appears when the building proportion is 0.7. The visual effect continues to decline as the building proportion further rises. The possible reason is the same as vegetation, where too many buildings will cover the sky and cause a certain degree of psychological oppression. The relationship between water proportion and visual effect shows one significant peak. When the water proportion reaches 0.35, the overall visual effect is the best. Additionally, there is an upward trend after the water area is greater than 0.5. When the unused land proportion increases from 0.3 to 0.6, the overall number of landscape visual effect appears to peak at 0.6, and then drop as the unused land proportion continues to increase. Finally, the average surface elevation also displays the characteristics of single peak. The peak appears at 180 m. With the continuous increase in average elevation, the overall landscape visual effect shows a downward trend.




4.2. Effect of Typical Landscape Proportions in the Pictures to Visual Effect Scores


In previous studies, sky and vegetation proportions in the vision were proved to be related to the visual effect [25,26]. With the Elo rating system, quantitative visual effect scores were generated. This offered the opportunity of an objective discussion of the relationships between sky proportion, vegetation proportion, and the visual effect. To visualize the relationships of the three variables, a colored scatter plot is shown in Figure 10.



In general, Pearson’s correlation coefficient of vegetation proportion and sky proportion with the visual effect score are 0.5984 (p < 0.01) and 0.313 (p > 0.1), respectively. This indicates that, compared with sky proportion, vegetation is a more important factor that affects the visual effect in our study area. That correlation can be observed in Figure 10; the overall trend of visual effect scores could be explained by the two variables’ variation in different directions. The main trend of visual effect score is its increasing with vegetation proportion. This trend is from lower left corner to the upper right corner of the plot. The secondary trend was marked by an arrow in Figure 10. In this direction, when sky proportion of a sample is higher, its visual effect score also increased. Interestingly, this trend is not independent with the vegetation proportion. The samples below the arrow have a clearer increasing trend than those above the arrow. In other words, in this case study, vegetation proportion is the main factor that affects visual effect of the landscape. However, when vegetation proportion is small (less than 0.2), sky proportion will make a higher contribution to the visual effect.



Of course, vegetation proportion and sky proportion cannot explain all the variations of visual effect scores. This means that, apart from the two main factors, the visual effect contains some more complex factors, such as the rhythm of the skyline [27,28], the color and style of buildings [29], and so on. With the Elo rating method, more detailed research on different factors of visual effect could be quantitatively discussed in the future. This might bring novel research opportunities for landscape visual effect evaluation and draw more interesting conclusions.




4.3. Limitations and Outlook


With the continuous development of cities, the landscape visual effect has attracted more and more attention while cities meet basic living conditions. How to assess the visual effect in the region is the primary question in the research of the landscape visual effect. The Elo rating system was first used for chess players to evaluate chess strength, and then it was widely used in the game ‘go’, soccer, and E-sports. Similar to the visual effect, the competitive characteristics of competitive players are also different, which is difficult to assess with a certain indicator. The Elo rating system has inherent advantages in this type of issue. The player’s level can be deduced from the game results. After numerous cross comparisons, a relatively objective comparison of advantages and disadvantages can be obtained. Landscape visual effect contains strong subjective factors. The questionnaire is an effective method for this type of issue. However, in traditional questionnaire method, the questionnaire survey can only be carried out on a certain theoretical basis (such as the fluctuation, shape, and rhythm of buildings), while information about buildings, such as fluctuation and rhythm, are abstract. There is deviation in the understanding of these concepts between fillers and experts. Consequently, it is difficult to obtain intuitive and effective survey results. With the involving of Elo rating system, questionnaires used in this study are pairwise comparisons. The collected result is the direct feedback of the respondents on the intuitive perceptions of the two images. The feedback results are a comprehensive reflection of the landscape visual effect. Through a large number of survey samples, the effectiveness of the assessment results is ensured to a certain extent. This study made a local study with a relatively small sample set; thus, we cannot extrapolate the results to other cities currently. Although, the Elo rating system did show its potential in quantitatively assessing the landscape visual effect. The direct feedback of fillers naturally contains all elements that possibly affect the landscape visual effects. Together with experts’ knowledge, deeper understanding of the landscape visual effect could be gained in the future.



With the introduction of remote sensing technology, the landscape visual effect at the sampling point in the study is extended to the area. This not only provides data support for urban landscape planning and design, but it also expands the application of remote sensing technology itself. Remote sensing technology has played a key role in many fields, such as global change, because of its ability to obtain surface information rapidly, in real time, and over a large area. However, the current remote sensing products are mostly concentrated in professional fields, such as vegetation indexes, surface temperatures, and land use and land cover change information. It is difficult for people without the relevant knowledge to understand the information behind these data. The remote sensing estimation model of the landscape visual effect established in this paper effectively links remote sensing technology with subjective perceptions, and it expands the application scope of remote sensing technology.



This study has made certain preliminary attempts on the quantitative assessment of urban landscape visual effect and the remote sensing estimation method. This study has established a preliminary research framework; there are many directions for further research in the future. At present, only a fixed range of remote sensing information is roughly intercepted around the sampling points. Combined with geo-information technology, the three-dimensional visual field analysis can be introduced in the scheme to further explore the impact of different building combination forms on the landscape visual effect. In this study, only the landscape visual effect of Zhengzhou in 2017 is assessed. Combined with remote sensing historical data and the remote sensing estimation model established in this paper, the history of landscape visual effect can be traced to further study the temporal–spatial evolution of the landscape visual effect in different regions. Furthermore, as our proposed scheme successfully expanded visual effect assessment to a city scale, new opportunities arise to formulate more mechanisms of the relationships between urban transformation [30,31] and aesthetic change. In addition, the horizontal comparison can be increased to expand the number of samples. The different urban landscape visual effects can be compared and studied to provide rich data to support urban development and construction.





5. Conclusions


Through the field collection of panoramic images, this study carried out quantitative research on urban visual effect and used the Elo rating system. The remote sensing estimation model of urban visual effect was obtained. Furthermore, the visual effect of sampling points was extrapolated to the area by remote sensing technology. Through the analysis of the experimental results, the following conclusions are drawn:




	(1)

	
Using the combination of the questionnaire and the Elo rating system, the visual effect of urban landscape can be quantified and scored effectively. This provides a feasible quantitative assessment method for the assessment of the urban landscape visual effect.




	(2)

	
Using the combination of the remote sensing technology and ANN simulation technology, the remote sensing estimation model of the urban landscape visual effect can be effectively constructed. By using 32 sampling points to train the network and 15 sampling points to validate the accuracy, the estimation model was found to have high accuracy. Those with a MAPE less than 0.05 and an RMSE less than 80 can be used for remote sensing estimation.




	(3)

	
The overall landscape visual effect score of Zhengzhou in 2017 showed a low gradient distribution in the northeast and a high gradient distribution in the southwest. Furthermore, there was a high value island near the CBD of Jinshui District, indicating that the design concept of this area is advanced and pleasing to people’s visual experience.




	(4)

	
The model simulation results showed that among the five elements, the building proportion has the most complex impact on the landscape visual effect. When the building proportion is 0.35 and 0.7, the visual effect score has two significant peaks. The other four elements have only one peak. The peak of vegetation proportion appears at 0.5, the peak of water proportion appears at 0.35, the peak of unused land proportion appears at 0.6, and the peak of average elevation appears at 180 m.




	(5)

	
The proposed method could be easily applied to similar study areas by inputting land use maps and DSM maps into our trained ANN model.




	(6)

	
The proposed scheme is friendly to any expansion. With more in situ samples and advanced machine learning methods, more exiting results could be revealed in the future works.
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Figure 1. Location of the study area. 
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Figure 2. Technology roadmap. 
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Figure 3. Spatial distribution of sampling stations. 
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Figure 4. Typical panoramic pictures. (a), (b), and (c) were collected in Jinshui, Erqi, and Jinshui, respectively. 
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Figure 5. Land use and DSM map of Zhengzhou city, 2017. 
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Figure 6. Scatter plot of landscape visual remote sensing model. 
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Figure 7. The landscape visual effect of Zhengzhou city, 2017. 
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Figure 8. Validation pictures of typical areas. (a), (b), (c), and (d) were collected in Bishagang, Ruhe Road, East Dongfeng Road, and Soccer Park, respectively. 
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Figure 9. Box plots of 5 factors with landscape visual effect. (a), (b), (c), (d), and (e) are the simulated relationships between landscape visual effect with vegetation proportion, building proportion, water proportion, unused land proportion, and average surface evaluation, respectively. 
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Figure 10. Relationship between visual effect score, vegetation proportion, and sky proportion. 






Figure 10. Relationship between visual effect score, vegetation proportion, and sky proportion.



[image: Remotesensing 14 00203 g010]







[image: Table] 





Table 1. Typical image patches of different classes.
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	Class
	Landsat OLI Image
	Google Earth





	Vegetation
	 [image: Remotesensing 14 00203 i001]
	 [image: Remotesensing 14 00203 i002]



	Construction land
	 [image: Remotesensing 14 00203 i003]
	 [image: Remotesensing 14 00203 i004]



	Water
	 [image: Remotesensing 14 00203 i005]
	 [image: Remotesensing 14 00203 i006]



	Unused land
	 [image: Remotesensing 14 00203 i007]
	 [image: Remotesensing 14 00203 i008]
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Table 2. The visual effect scores of different sampling areas.
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	Area
	Number of Sampling Points
	Average Score
	Standard Deviation
	Variance
	Average Score Ranking





	North Third Ring Road
	7
	1451.26
	65.36
	4271.95
	6



	Xiliu Lake Park
	9
	1462.55
	38.83
	1507.71
	5



	Jinshui River
	11
	1544.19
	62.71
	3933.01
	4



	Agricultural University (Wenhua Road)
	6
	1644.08
	63.28
	4004.36
	3



	Longzi Lake
	9
	1729.78
	65.20
	4251.06
	2



	Central Business District
	8
	1780.63
	75.28
	5667.51
	1
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Table 3. The confusion matrix of classification.






Table 3. The confusion matrix of classification.





	
Class

	
Ground Truth (Pixels)




	
Vegetation

	
Construction Land

	
Water

	
Unused Land

	
Total






	
Vegetation

	
594

	
0

	
0

	
0

	
594




	
Construction land

	
0

	
231

	
36

	
3

	
270




	
Water

	
0

	
0

	
681

	
0

	
681




	
Unused land

	
0

	
32

	
0

	
234

	
266




	
Total

	
594

	
263

	
717

	
237

	
1811
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