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Recent advancements in the image capturing techniques and post processing software generate High Dynamic Range (HDR) images. Such images retain maximum information of the scene by capturing more realistic visual contents, which are often missed in traditional image capturing techniques. In this regard, tone mapping operators (TMOs) play a significant role in displaying HDR image contents on a traditional Low Dynamic Range (LDR) display. These operators tend to introduce artifacts in the original HDR image to change its brightness and contrast in such a way that it can destroy the important textures and information of the image. The assessment of these TMOs is a challenging topic to select best the best technique considering different perceptual and quality dimensions. In this paper, we propose to compare TMOs through their impact on visual behavior in comparison with HDR condition. This study is the first of its kind to utilize hidden markov model (HMM) as a similarity measure to evaluate perceived quality of TMO. The findings suggest that the proposed HMM-based method which emphasizes on temporal information produce better evaluation metric than the traditional approaches which are based only on visual spatial information.

INTRODUCTION AND BACKGROUND

High Dynamic Range (HDR) imaging has gained significant attention in recent years both in industry and academia. The is mainly due to the fact that HDR images are visually more realistic and appealing as they represent a larger dynamic range of the visual content present in the real world. The HDR technologies are arguably considered a major development in display technologies since the transition from black and white to color displays [START_REF] Oǧuz | Do hdr displays support ldr content? a psychophysical evaluation[END_REF][START_REF] Banterle | Advanced high dynamic range imaging: Theory and practice[END_REF]. However, most of the common imaging devices are only capable to work only with standard dynamic range (SDR) images, leading to a loss of luminance and contrast.

When the dynamic range is lower than the one of the content, the source image is processed with a tone mapping operator (TMO) to compress the dynamic range before rendering. The goal of this technique is to reproduce HDR content on SDR display while preserving details, contrasts and quality. As a consequence, several techniques have been developed in the past utilizing simple global operations such as linear scaling and clipping [START_REF] Drago | Adaptive logarithmic mapping for displaying high contrast scenes[END_REF][START_REF] Tumblin | Two methods for display of high contrast images[END_REF] to more local advance operators that exploit properties of the human visual system [START_REF] Chiu | Spatially nonuniform scaling functions for high contrast images[END_REF][START_REF] Durand | Fast bilateral filtering for the display of high-dynamic-range images[END_REF][START_REF] Michael Ashikhmin | A tone mapping algorithm for high contrast images[END_REF][START_REF] Kuang | icam06: A refined image appearance model for hdr image rendering[END_REF][START_REF] Reinhard | Photographic tone reproduction for digital images[END_REF]. TMOs can be also perceptually optimized using visual saliency and visual attention to locally adjust the contrast, preserve details and chromoticity [START_REF] Lin | Attention-based high dynamic range imaging[END_REF]. The quality evaluation of tone mapping operators is a challenging topic due to the consideration of multi-perceptual dimensions such as naturalness, colorfulness, brightness, fidelity, and artistic intent. Several studies have assessed these dimensions through subjective experiments [START_REF] Narwaria | Effect of tone mapping operators on visual attention deployment[END_REF][START_REF] Čadík | Evaluation of hdr tone mapping methods using essential perceptual attributes[END_REF][START_REF] Petit | Assessment of video tone-mapping: Are cameras' s-shaped tonecurves good enough?[END_REF] and different objective metrics for HDR content have been proposed [START_REF] Krasula | Objective evaluation of naturalness, contrast, and colorfulness of tone-mapped images[END_REF][START_REF] Yeganeh | Objective quality assessment of tone-mapped images[END_REF][START_REF] Granados | Contrast-use metrics for tone mapping images[END_REF].

The use of eye tracking experiment is proven to be a good methodology in measuring visual fidelity. Indeed, Narwaria et al. [START_REF] Narwaria | Effect of tone mapping operators on visual attention deployment[END_REF] showed that tone mapping operators modify visual attention by comparing the similarity between saliency maps (computed from eye data obtained during the visualisation of HDR and tone-mapped images). The current study performs the comparison of saliency maps and investigates their impact on pre-and post tone mapping. The findings suggest that some salient areas in HDR image are not seen after tone-mapping (and vice versa). However, the dynamic aspect of visual behavior, e.g. scanpaths, is not considered with saliency-based framework. Indeed, temporal aspect in visual attention can reveal the way a content is visually perceived, semantically processed and qualitatively assessed.

Scanpath modeling is a challenging task which has been more recently raised with new analytical tools to compare visual behaviour of different conditions or populations. To cater this issue, probability based approaches are developed by assuming that eye movement parameters are random variables generated by underlying stochastic processes. The set of gaze positions is modeled as bivariate gaussian distribution and hidden markov models (HMMs) are utilized to introduce 978-1-7281-1485-9/20/$31.00 c 2020 IEEE the temporal component of gaze behavior [START_REF] Chuk | Understanding eye movements in face recognition using hid-den markov models[END_REF][START_REF] David | Predicting artificial visual field losses: a gaze-based inference study[END_REF][START_REF] Coutrot | Scanpath modeling and classification with hidden markov models[END_REF]. This in turn will determine the percentage of transitions from one ROI to another ROI. These techniques have been used for the study of scanpath in face recognition [START_REF] Chuk | Understanding eye movements in face recognition using hid-den markov models[END_REF], the classification of scanpath according to different visual task [START_REF] Coutrot | Scanpath modeling and classification with hidden markov models[END_REF] or different population with visual field losses [START_REF] David | Predicting artificial visual field losses: a gaze-based inference study[END_REF].

The main contribution of the paper is a new HMM based similarly measure in order to evaluate the quality of HDR and TMO generated scanpaths. This paper is structured as follows. First, we explain HMMs in the context of gaze behavior modeling. Then, we illustrate the application of this technique for TMOs bencharmarking. Finally, we conclude our method in the last section.

HMM TOOLS FOR THE MEASURE OF VISUAL SCANPATH SIMILARITY

HMM used as eye movement modeling

The proposed work utilizes HMMs as a statistical approach to produce the sequence of observation through the set of stochastic process. These observed sequences are then predicted by estimating the transition among different states. it is a data-driven technique and integrates influences stemming from bottom-up mechanisms,top-down mechanisms, and viewing biases into a single model [START_REF] Coutrot | Scanpath modeling and classification with hidden markov models[END_REF]. In this work, the eye position is observed using estimated ROI of the image which is set as the hidden state of HMM. Following the technique used in Chuk et al. [START_REF] Chuk | Understanding eye movements in face recognition using hid-den markov models[END_REF], the transition matrix represents the saccadic movements of the participant. The emission densities (the distribution of fixation points in each ROI) are modeled as two-dimensional Gaussian distributions. The initial state of the model, i.e., the probability distribution of the first fixation, is modeled with the prior values. The parameter K which represents the number of ROI in context of scanpath must be selected according to the gaze data instead of setting the parameter with prior information. The variational approach to Bayesian inference allows simultaneous estimation of complexity of model and its parameters [START_REF] Mcgrory | Variational bayesian analysis for hidden markov models[END_REF], which automates the process of finding number of states (K) in HMM model [START_REF] Chuk | Understanding eye movements in face recognition using hid-den markov models[END_REF]. An HMM is trained on eye movement data which enables to compare and visualize the gaze behavior of different groups of observers, in different experimental conditions. The individual HMMs of the similar gaze pattern behaviour is clustered by VHEM [START_REF] Coviello | The variational hierarchical em algorithm for clustering hidden markov models[END_REF][START_REF] Coviello | Clustering hidden markov models with variational hem[END_REF] into joint HMM. For each cluster, the VHEM algorithm produced a representative HMM, which summarizes the common ROIs and transitions in the cluster.

Measure of similarity

In the proposed work, similarity is evaluated using sequence of steps. The steps involved in this process are presented in Fig. 1. Initially, each of the observers eye movement is modeled using HMM for one condition (C1). The HMM of each observer is then clustered into single Joint HMM by using VHEM. The similarity between the scanpath (i.e. sequence of fixations) of second condition (C2) and the joint clustered is determined by computing the likelihood using Viterbi decorder. The mean likelihood of all observers is considered as a similarity score between the two conditions. The publicly available dataset "Eye-Tracking on High dYnamic range iMAges" (ETHyma) [START_REF] Narwaria | Effect of tone mapping operators on visual attention deployment[END_REF] is analyzed in this study. The dataset contains 11 HDR images, captured in different environmental conditions, i.e. indoor and outdoor scenes with varying illumination conditions. A total of 88 TMOs images were computed using 8 different TMO methods. These methods are referred in Table 1, column 4-11, where each column presents the output of these TMO methods using proposed and state-of-the-art techniques. The HDR stimuli were displayed on an HDR display (Sim2 HDR47E S 4K) and the tone mapped contents are presented on on a stan- 

Similarity metrics

In this section, we present the obtained scores of similarity for our framework compared with state-of-the-art saliency-based metrics: Kullback-Liebler divergence (KLD), 2D correlations (Corr) and Normalized scanpath saliency (NSS) [START_REF] Emami | Selection of a best metric and evaluation of bottom-up visual saliency models[END_REF]. These metrics are calculated after the computation of fixation maps. These maps are computed by convolving a Gaussian kernel with standard deviation of one degree of visual angle across the observer's fixation locations. The proposed framework is applied with C1 as the HDR condition compared with the different tone mapping techniques. The HMM model is applied on eye fixations extracted from raw gaze data for each observer during HDR experiment [START_REF] Asim H Dar | Remodnav: Robust eye movement detection for natural viewing[END_REF]. In addition, each HMM is then clustered into single joint HMM by using VHEM. The likelihood is calculated using Viterbi decoder by passing joint HMM parameters and fixation points recorded during TMOs experiment. The similarity score between HDR and TMOs is estimated by taking mean of likelihood of all observers for each TMOs. In this study, the maximum value of states in HMM, K, is set to 7. The scores of the proposed framework with the ones of all the other similarity / dissimilarity metrics are presented Table 2. In addition, a baseline likelihood score on individual HDR scanpaths is also calculated to validate this method. The baseline likelihood is estimated by providing the fixation points of each observer for HDR condition and joint HMM parameter to the Viterbi decoder. The final score is taking a mean of all likelihood for all observers. This baseline can be interpreted as the similarity score between one observer and a model of all scanpaths for the same condition. It is thus expected that the likelihood score for the TM condition would be lower than the baseline.

Validation of the framework

The similarity metrics are compared between each other through the computation of Pearson's correlation coefficients (PCC) presented Table 3. The proposed framework shows a strong significant negative correlations with KLD metric. The relationship between KLD and HMM likelihood scores is also presented Fig. 2. These results ensure the validity of the proposed framework which is correlated with existing metrics used to measure visual fidelity.

Concerning the baseline, the obtained scores seem to validate the previous assumption except for a few values (highlighted in red in Table 2). These specific cases could be explained by a low inter-observer congruency for HDR baseline condition and further analysis should be done to better understand these outcomes.

Benchmarking of TMOs through dynamic visual fidelity

The similarity scores detailed in Table 2 show a strong correlation between saliency-based metrics and the proposed HMM-based one, except for some specific tone-mapped contents. The moto and rend02 oC95 are selected as test images to investigate these results through the comparison of the performance between HMM and KLD. The performed analysis of KLD suggests that Drago and Tumblin methods offer the best performance among all for moto and rend02 oC95 images respectively. Whereas with the HMM-based framework, iCAM06 method offers best performance for moto and Chiu method for rend02 oC95 image (see Table 2-highlighted green cells). Saliency maps, HDR joint HMM states and transition matrix as well as scanpaths for TM0 condition are depicted on Fig 3 and4. We can see that most performant TMOs with our framework seem to lead to more similar saliency maps than the best ones with KLD metric. In addition, the scanpaths for iCAM06 (resp. Chiu) TMO fit better the joint HMM on HDR condition than Drago (resp. Tumblin) TMO. From these observations, we can see that HMM-based framework outperfoms KLD metric and better reveals visual attention similarity for both spatial (i.e salient) and temporal (i.e. scanpath) information.

One limitation of this proposed framework is that HMM based on Chuck methodology perform well with image con- tent with clear regions of interest and, thus, low visual attention dispersion. Therefore, future work should be needed to deeper assess the impact of content, inter-observer congruency and HMM meta-parameters as number of states (i.e regions of interest) on the similarity metric performance. Different HMM techniques can be also further tested and compared for similarity evaluation through this framework.

CONCLUSION

In this paper, an HMM based framework is proposed to measure the similarity of visual behaviour between two conditions of experiment. The framework is then applied and validated for the comparison of visual attention in HDR and tonemapped images. The proposed framework provides promising results due to the capability of HMM to analyse eye data considering both the spatial and sequential aspects. On the contrary, other saliency models do not reflect the dynamic (saccadic) nature of visual scanpaths. 
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 1 Fig. 1: Scanpath similarity evaluation framework.
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 2 Fig. 2: Relationship between scores of KLD and HMM metrics

Fig. 3 :

 3 Fig. 3: Tone-mapped images, saliency maps, scanpaths and HDR joint HMM model for moto content.
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 4 Fig. 4: Tone-mapped images, saliency maps, scanpaths and HDR joint HMM model for rend02 oC95 content.

Table 1 :

 1 Characteristics of subjective experiment

	Features	HDR test	TMO test
	# of images	11	88
	Image resolution	760x900 to 1620x1080
	Image duration		10 seconds
	Distance	3 times of display height
	# of Observers	37	48
	Display model	Sim2 HDR47E TvLogic LVM401
	Display resolution	1920x1080 pixels
	Eyetracker	SMI Hi-Speed
	3. APPLICATION OF BENCHMARKING TMOS
	3.1. Dataset		

Table 2 :

 2 Similarity scores for the studied dataset. (Red cells represent similarity scores higher than the baseline, discussed Section 3.3. Results of green cells are discussed in Section 3.4 to highlight the interest of the framework.) Each image was viewed by the participant during 10 seconds. The eye movements were recorded using SMI Hi-Speed tracker with a frequency of 500Hz. Thirty seven observers participated in the HDR experiment and 48 did the TMO experiment. The characteristics of this subjective experiment are presented in Table.1.

	TMOs algorithms

Table 3 :

 3 Pearson correlation coefficients (PCC) between similarity metrics. (* indicates a p-value < 0.05 and ** indicates a p-value < 0.001).

	PCC	KLD	HMM	Corr	NSS
	KLD	1.0000	-0.3957 * * -0.2755 *	0.0581
	HMM -0.3975 * *	1.0000	0.1300	-0.1472
	Corr	-0.2755 *	0.1300	1.0000	0.6811 * *
	NSS	0.0581	-0.1472	0.6811 * *	1.0000