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Introduction

A newborn is considered premature when he/she is born before a gestational age (GA) of 37 complete weeks. Causes of prematurity are diverse including multiple pregnancies, infections, hypertensive disease of pregnancy... Worldwide, an estimated 15 million babies are born preterm each year and this number is increasing, ranging from about 5% in several European countries to 18% in some African countries [START_REF] Blencowe | National, regional, and worldwide estimates of preterm birth rates in the year 2010 with time trends since 1990 for selected countries: a systematic analysis and implications[END_REF].

Prematurity is associated with a high risk of mortality, whose primary causes are infection and respiratory failure, and preterm birth outcome is related to the severity of prematurity [START_REF] Tucker | Epidemiology of preterm birth[END_REF]. Therefore, in the first part of their life, premature newborns are hospitalized in Neonatal Intensive Care Unit (NICU) where their vital functions are monitored such as cardiac, cerebral and respiratory activities.

Additionally to these electrophysiological signals, other types of information have been shown to be relevant to observe newborns' behavior, among them the motion activity. Indeed, studies have demonstrated its ability to detect neurological pathologies. A part of them is based on the General Movement Assessment (GMA) which provides a qualitative motion analysis [START_REF] Adde | General movement assessment: predicting cerebral palsy in clinical practise[END_REF][START_REF] Berge | ENIGMA -Enhanced interactive general movement assessment[END_REF][START_REF] Einspieler | The qualitative assessment of general movements in preterm, term and young infants -Review of the methodology[END_REF][START_REF] Karch | Quantification of the segmental kinematics of spontaneous infant movements[END_REF][START_REF] Prechtl | An early marker for neurological deficits after perinatal brain lesions[END_REF][START_REF] Spittle | Quality of general movements is related to white matter pathology in very preterm infants[END_REF][START_REF] Stahl | An optical flow-based method to predict infantile cerebral palsy[END_REF]. It has been applied to predict cerebral palsy [START_REF] Adde | General movement assessment: predicting cerebral palsy in clinical practise[END_REF][START_REF] Prechtl | An early marker for neurological deficits after perinatal brain lesions[END_REF][START_REF] Stahl | An optical flow-based method to predict infantile cerebral palsy[END_REF] or to reflect white matter injury [START_REF] Spittle | Quality of general movements is related to white matter pathology in very preterm infants[END_REF]. In the field of neonatal seizures (see [START_REF] Pediaditis | Vision-based motion detection, analysis and recognition of epileptic seizures-A systematic review[END_REF] for review), motion quantification methods have been applied to represent the motion globally [START_REF] Cuppens | Automatic video detection of body movement during sleep based on optical flow in pediatric patients with epilepsy[END_REF] or locally [START_REF] Karayiannis | Automated detection of videotaped neonatal seizures based on motion segmentation methods[END_REF][START_REF] Karayiannis | Quantifying motion in video recordings of neonatal seizures by robust motion trackers based on block motion models[END_REF]. It has also been shown useful in the context of sleep staging [START_REF] Fuller | Comparison between time-lapse video recordings of behavior and polygraphic state determinations in premature infants[END_REF][START_REF] Okada | Examination of non-restrictive and non-invasive sleep evaluation technique for children using difference images[END_REF].

Motor activity information can be extracted from direct sensors like accelerometers [START_REF] Berge | ENIGMA -Enhanced interactive general movement assessment[END_REF], electromagnetic sensors [START_REF] Karch | Quantification of the segmental kinematics of spontaneous infant movements[END_REF] or pressure mattress [START_REF] Donati | A modular sensorized mat for monitoring infant posture[END_REF], or using video cameras [5, 9-11, 13, 14, 16, 17]. Video observation has the advantage to be entirely non invasive and contactless, which limits the risk of infection (one important cause of nosocomial disease in NICU) and preserves the comfort of the newborns. However, it needs to be processed to provide the motion information.

From video recordings, motion analysis was firstly performed manually [START_REF] Fuller | Comparison between time-lapse video recordings of behavior and polygraphic state determinations in premature infants[END_REF][START_REF] Spittle | Quality of general movements is related to white matter pathology in very preterm infants[END_REF]. However, visual assessment, besides being time consuming is also expert-dependent. More recently, thanks to the improvement in video processing, automated methods [START_REF] Cuppens | Automatic video detection of body movement during sleep based on optical flow in pediatric patients with epilepsy[END_REF][START_REF] Karayiannis | Automated detection of videotaped neonatal seizures based on motion segmentation methods[END_REF][START_REF] Karayiannis | Quantifying motion in video recordings of neonatal seizures by robust motion trackers based on block motion models[END_REF][START_REF] Stahl | An optical flow-based method to predict infantile cerebral palsy[END_REF] have been proposed and combine three main steps: motion extraction, analysis and classification. This works takes part in the European project Digi-NewB whose objectives are to find new indices to detect sepsis and to evaluate the maturation of the newborn, using different types of observations. Video is one of the considered modalities. Its particularity lies in the fact that very long recordings, up to several days, are acquired in order to detect behavioral modifications. It implies that, for some intervals, the parents or and medical staff are in the field of view. Since these adults interact frequently with the newborn, these intervals have to be automatically detected and removed from the analysis, to ensure that motion series finally contain only the motion of the newborn. This paper is organized as follows. In section 2, we describe the algorithm implemented in order to automatically detect adults' presence in the videos. Then, the motion series and associated features computation is described. Results are presented in section 3. The interest of the study is shown by comparing two groups of premature newborns, with different severities of prematurity, recorded at the same postmenstrual age (PMA). Discussion and Conclusion are given in section 4.

Material and Methods

The global framework is given by Figure 1 After a description of the data, the different steps involved in the processing are described hereafter.

Data acquisition

Recordings have been performed at the University Hospital Rennes Sud (France). An informed consent was signed by parents for each newborn and validated by the Ethics Committee. An infra-red black and white camera (600x400 pixels, 25 fps) was installed near the bed of the baby in order to observe most of his body. Recordings were mainly performed between 5 pm and 9 am.

The database is composed of 13 videos of 9 premature infants, born between 26 and 36 weeks GA and recorded between 33 and 39 weeks PMA, corresponding to a total of 190 hours of recordings.

Medical staff and parents' presence detection method

Having for objective to monitor the newborns during long periods implies that some intervals will include presence of the parents, rather during the day, but also medical staff, at any time (Figure 2) To ensure that the motion series contains only motion of the newborn, intervals including adults' presence have to be automatically detected and removed. These intervals can have different durations (from few seconds to tens of minutes)

The main difference between adult's motion and baby motion lies in the fact that, in the first case, it comes from the outside of the scene. This statement led us to develop an algorithm based on the analysis of the change in the image border. Its goal is firstly to detect the adult (medical staff or parent) arrival, and then his/her departure.

Initialization

The video analysis is started at the first clean frame, i.e. the first frame without medical staff or parents. The initial reference border is then defined as the border of 20 pixels thickness from each side of this frame (Figure 3). This thickness has been defined according to the area that is not or weakly crossed by the baby. 

Processing

Every second, a metric S(t) is computed between the border of the current image I(t) and the reference border Cref :

S(t) = p∈C | I(t, p) -Cref (p) | ( 1 
)
where C is the border area and I(t, p) is the intensity of the pixel p in I(t).

An arrival is detected if S(t) is superior to a threshold T (Figure 4, step 1), which has been set at 6% of the maximal possible value of the metric, i.e. [number of pixels in C] x 255. However, as the adult can have modified the background of the scene (e.g. cable displacement), the amplitude of S(t) can no more be trusted to detect the departure. So, the algorithm waits for the next quiet period, in the border, corresponding to a certainty of departure (step 2). It is defined as a standard deviation of S(t) (over a period of 80 seconds), lower than 0.02% of the previously defined maximal possible value.

When the quiet period has been detected, the departure time is refined. For this purpose, a temporary border Ctmp is firstly defined on the current image. The metric is then computed backward (step 3), using Ctmp, until the threshold T is reached (step 4). The reference border Cref is then updated and the analysis continues in the forward direction. 

Motion estimation

There are several approaches for motion estimation in a continuous video stream [START_REF] Tekalp | Digital video processing[END_REF]. Three popular motion information extraction techniques come out: frame differencing, mainly used to identify areas with motion, optical flow and block matching, used to estimate local displacements. In this study, in order to characterize the activity of the newborn, we chose to estimate the global motion information which can be interpreted as total surface in motion. Thus, we used a method based on frame differencing, described below.

Frame differencing. The absolute difference of pixels' intensities between two successive frames I(t)

and I(t-1)(Figure 5) Morphological opening. A morphological opening with a 3x3 square structuring element was applied to the resulting difference image in order to remove the impulsive noise.

Quantification of the motion. The amount of motion A(t) is obtained by counting the number of pixels with an intensity superior to a threshold T in the resulting image in order to reduce the impact of small intensity variations linked to the camera sensitivity.

The threshold T has been defined by studying the cumulative histogram of video sequences with empty rooms (without baby or adults), resulting to a value of 10 (initial intensity range: [0, 255]).

Median filtering on the whole estimated motion series. The motion series M (t) is finally obtained after applying a median filter (size: 11 samples) on A(t) in order to clear artifacts resulting from the video encoding.

Feature extraction

Two types of features are computed, from the motion series M (t), on 5-min windows with a 50% overlap:

• Amplitude features: the mean value m, the maximum value max, the standard deviation std, the median value med and the relative standard deviation rsd=std/m.

• Activity feature: pm, the percentage of time the newborn spent in motion.It is computed by discriminating motion and no motion samples. For this purpose, M (t) is smoothed with a median filter of 51 samples. pm is computed as the percentage of resulting values greater than 100 (corresponding to about 0.05% of the size of the frame).

Results

Medical staff and parents' detection

In order to evaluate the algorithm performances, the adults' periods of presence have been manually annotated on 10 different videos, representing 149 hours of recordings. Then, we compared the manual and automatic detections at each second. For both states "Presence" and "Absence", and considering the first one as the positive case, values of sensitivity (Se), specificity (Sp) and global concordance (Conc) have been computed.

The proposed method led to a high specificity of 97.9% but a lower sensitivity of 90.1%. Errors were due to a late detection of the parent or the medical staff arrival or departure when they appeared only in the back of the frame, corresponding to a very small change in the border. According to our objective, we particularly need to detect all the parents and medical staff presence, i.e. reach a sensitivity as high as possible, without cutting too many analyzable periods. For this purpose, we studied the evolution of the sensitivity and specificity after applying different widening durations to each side of the presence's periods provided by the algorithm (see Figure 6). In order to increase the algorithm sensitivity without decreasing specificity too much, we chose to apply a widening w of 60 seconds which allows to keep a false positive rate under 5%.

The corresponding performances are presented in Table 1 and show a global concordance of 95.2%, a specificity of 95.1% and a sensitivity of 96.8%, ranging from 87.7% to 99.6%. An example of processing is presented by Figure 7.

Newborn activity characterization

In this study, the aim was to compare two groups of premature newborns, with different severity of prematurity, recorded at a comparable age. As such, we selected a subset of six babies recorded at 37±2 weeks PMA:

• three patients born between 26 and 30 weeks (G1);

• three patients born between 32 and 36 weeks (G2). The features have then been extracted for each video. The mean video duration was 14 hours, implying, after adult's detection, feature extraction on 1470 windows of 5 minutes (697 for G1, 773 for G2). Figure 8 presents the repartition (mean ± std) of the feature values for each of the six babies. Then, a Wilcoxon test has been realized on the extracted features in order to compare the two populations. To minimize the repetitive effect, we chose to use the Bootstrap method [START_REF] Zoubir | The bootstrap and its application in signal processing[END_REF]. Twenty draws of 50 random windows, distributed according to a uniform distribution on the recording duration of each group, have been realized. The p-values have been computed as the median of the p-values of the 20 draws. The results show that all the parameters except the median are statistically significant to differentiate both groups.

In order to check that the results were not due to a side effect linked to differences in recording conditions, we also verified that the same analysis, but performed intra-group, led to no significant parameters. The results for each group demonstrate an homogeneity of the parameters and confirm the previous results.

Discussion and Conclusion

In this paper, we proposed a process to estimate and characterize the motion of premature newborns from video recordings. In order to handle long duration recordings, we proposed a fully automated method to identify parent's and medical staff periods of presence. The algorithm reached 96.8% of sensitivity and 95.1% of specificity.

This study shows that the video monitoring on long periods is achievable and provides relevant information about the patient's behavior. Those preliminary results indicate that the quantity of motion at the same postmenstrual age is greater for the more premature patient. Furthermore, this seems to confirm that the behavioral maturation difference is linked to the time spent in utero [START_REF] Curzi-Dascalova | Physiological correlates of sleep development in premature and fullterm neonates[END_REF].

External factors can directly influence some of the proposed amplitude features like the baby size or the recording conditions (shadows, zoom. . . ). However, the relative standard deviation and the percentage of time spent in motion are more robust than the other features because they are not dependent on the amplitude of the motion series. Futhermore, in order to improve the characterization of maturation, robust methods for segmentation will be investigated (e.g. change detection [START_REF] Basseville | Detection of abrupt changes: theory and application[END_REF]) to extract different activity features such as the number of interval of motion and no motion and statistics on the duration of those intervals (mean, maximum, standard deviation. . . )

The results could be improved by including an automatic adaptation of the definition of the border area in the adults' detection method. Concerning the characterization of behavior, the results should be strengthened by using a larger dataset. 
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 1 Figure 1: Global framework.
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 2 Figure 2: Examples of adults' presence, parents (left) or nurse (right).
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 3 Figure 3: Example of reference border selection.
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 4 Figure 4: Description of the adults' detection processing.
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 5 Figure 5: Example of frame differencing.

Figure 6 :

 6 Figure 6: Influence of the widening w on the values of Sp and Se.

Figure 7 :

 7 Figure 7: Example of an estimated motion series. a) Manual adult's detection b) Automatic adult's detection before (gray) and after (hatched) the widening.

Figure 8 :

 8 Figure 8: Repartition (mean ± std) of the values for each baby Gn i for each feature, with n=group number and i=baby number. The * indicates features with p-value ≤0.05.

Table 1 :

 1 Performances of the medical staff and parents' detection method with expansion of 60 seconds. Duration in hours. FN: False Negative, TP: True Positive, FP: False Positive and TN: True Negative, in seconds. Se: Sensitivity, Sp: Specificity and Conc: global Concordance, in percent.

	Video Duration FN	TP	FP	TN	Se	Sp	Conc
	1	17	30	8463	3929	47128 99.6 92.3 93.4
	2	17	555 10135 1068	48138 94.8 97.8 97.3
	3	9	3	478	1354	31173 99.4 95.8 95.9
	4	15	265	3273	2203	46674 92.5 95.5 95.3
	5	14	14	2686	783	46717 99.5 98.4 98.4
	6	16	276	5316	2866	49097 95.1 94.5 94.5
	7	15	70	3392	2648	49378 98.0 94.9 95.1
	8	17	97	7990	2685	51976 98.8 95.1 95.6
	9	13	113	806	4702	40949 87.7 89.7 89.7
	10	16	74	3338	1892	52123 97.8 96.5 96.6
	Total	149	1497 45877 24130 463353 96.8 95.1 95.2