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Abstract
Purpose  To determine the capabilities of the “Kago-Eye2” software to semi-automatically segment the choroid in the optical 
coherence tomographic (OCT) images.
Study design  A cross-sectional, prospective study of 44 healthy volunteers.
Methods  The Kago-eye2 software was developed to detect the border between Choriocapillaris and Sattler’s layer (C–S) and 
between Sattler’s layer and Haller’s layer (S–H). The intra- and inter-grader agreements were determined for the segmenta-
tions made with semi-automated and manual analysis using the Kago-Eye2 software. The inter-method agreements were 
determined for two independent graders.
Results  Forty-four right eyes of 44 heathy volunteers (22 men) with a mean age of 35.0 ± 8.8 years were studied. The intra-
grader agreement of the C–S border was 0.97 for grader 1 and 0.892 for grader 2 for the manual segmentation, and 0.908 for 
grader 1 and 0.842 for grader 2 for the Kago-Eye2 segmentation. For the S–H border, the intra-grader agreement was 0.96 for 
grader 1 and 0.981 for grader 2 for manual segmentation and 0.855 for grader 1 and 0.839 for grader 2 with the Kago-Eye2. 
For the C–S and S–H border, the inter-grader agreement was 0.548 and 0.902 for manual segmentation and 0.947 and 0.833 
for the Kago-Eye2. The inter-method agreement was 0.565 for the C–S border and 0.759 for the S–H border.
Conclusion  The Kago-Eye2 software can segment the layers of the subfoveal choroid with good reproducibility and repeat-
ability. We conclude that the Kago-Eye2 software can be used for semi-automatic segmentation of the choroidal layers.
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Introduction

Evidence has been accumulating that the choroid plays 
important roles in different types of retinal diseases [1–9]. 
The evidence has been collected since the introduction of 
enhanced depth imaging optical coherence tomography 
(EDI-OCT) [2]. Thus, the choroid of normal eyes and eyes 

with different types of retinal diseases has become an impor-
tant structure for investigations by clinicians and researchers 
[10].

Initial studies of the choroid in the OCT images were 
mostly measurements of its thickness [3, 11–13] and a differ-
ent evaluation method was needed to examine the choroidal 
structure in more detail [14–16]. The choroid is a network 
of vessels and stromal tissue, and it consists of three layers; 
the choriocapillaris (CC) immediately beneath the retinal 
pigment epithelial (RPE) layer with a thickness of approxi-
mately 10 µm, Sattler’s layer, composed of small and middle 
diameter blood vessels, and Haller’s layer composed of large 
diameter vessels [1]. It has been reported that the inner and 
outer layers of the choroid were affected differently by dif-
ferent types of retinochoroidal diseases [17, 18]. Thus, it is 
necessary to investigate the changes of each layer to under-
stand the effects of choroidal alterations on the development 
and progression of retinochoroidal diseases.
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Unlike histological examinations of the choroid, it is not 
easy to distinguish the borders of the three layers of the 
choroid in the OCT images. Currently, the boundaries of 
each layer are selected manually, but it is easy to be biased 
and the reproducibility is not high. To create a reliable and 
accurate method, a technique for automated choroidal strati-
fication is needed.

We recently developed a software, named the “Kago-
Eye2”, that semi-automatically performs the segmentation 
between the choriocapillaries and Satller’s layer and between 
Sattler’s layer and Haller’s layer. As best we know, there is 
no other software that stratifies the layers of the choroid in 
the OCT images automatically.

Thus, the purpose of this manuscript is to present the 
characteristics of the Kago-Eye2 software, and to explain 
how it is used in normal eyes. We also compared the findings 
with that of manual segmentation.

Methods

Subjects

This was a cross sectional, prospective study of 44 eyes 
of 44 volunteers that was conducted with the approval of 
the Ethics Committee of Kagoshima University Hospital, 
Kagoshima, Japan. It was registered with the University 
Hospital Medical Network (UMIN)-clinical trials reg-
istry (CTR) in November 2013. The registration title is 
“UMIN000012310, Choroidal structure on OCT images 
for healthy eyes”. A detailed protocol is available at, http://
www.kufm.kagos​hima-u.ac.jp/~op/gaira​i/RCstr​uctur​estud​
y.html. A written informed consent was obtained from all 
the subjects after an explanation of the procedures to be used 
and possible complications. All of the procedures conformed 
to the tenets of the Declaration of Helsinki.

Prior to the measurements, all of the eyes had a com-
prehensive ocular examination which included slit-lamp 
examinations of the anterior segment of the eye and oph-
thalmoscopy of the fundus. The intraocular pressure was 
measured with a pneumotonometer (CT-80, Topcon, Tokyo, 
Japan), and the axial length was measured with the AL-2000 
ultrasound instrument (Tomey, Tokyo, Japan). The best-cor-
rected visual acuity (BCVA) was measured after determin-
ing the refractive error with an Auto Kerato-Refractometer 
(RM8900, Topcon). If both eyes met the inclusion and exclu-
sion criteria, only the right eye was analyzed.

The eligibility criteria were age ≥18-years and the eye 
normal as determined by ophthalmoscopy and OCT. The 
exclusion criteria were eyes with known ocular diseases such 
as glaucoma and diabetic retinopathy, presence of systemic 
diseases such as hypertension and diabetes, high myopia of 
more than -6.0 D, prior intraocular surgery or injections, and 

eyes in which the ocular fundus could not be observed due to 
media opacities. None of the eyes was excluded due to poor 
quality OCT images because of poor fixation.

Choroidal images obtained by spectral‑domain 
optical coherence tomography (SD‑OCT)

Cross-sectional choroidal images were obtained by EDI-
OCT as described in detail [14, 15]. The scans were 7 hori-
zontal lines of 30 x 10 degrees through the center of the 
fovea made with a Heidelberg Spectralis OCT instrument 
(Spectralis; Heidelberg Engineering, Heidelberg, Germany). 
Each image was obtained using the eye tracking system, and 
100 scans were averaged. All of the eyes were examined 
without mydriasis.

Because there are significant diurnal fluctuations of the 
choroidal thickness, all of the examinations on a single sub-
ject were done within one hour on the same day between 
11:00 to 13:00 hours. The images centered on the fovea were 
used for the analyses.

Image processing by segmentation algorithm 
of Kago‑Eye2

The Kago-Eye2 software was written in C++ programing 
language and was written to detect the borders between 
choroiocapillaris and Sattler’s layer (C-S border) and that 
between Sattler’s layer and Haller’s layer (S-H border) in the 
OCT images. A detailed protocol is available in our previous 
paper on the processes between steps 1 and 3 [16].

1. Preprocessing

	1-1.	 The software obtains the image data as tiff or bmp 
images from the OCT device. White on black images 
are recommended, and Tiff images were used in this 
study.

	1-2.	 The scale of each image was adjusted by filling out 
the form on the screen. The scales for the X-axis and 
Y-axis are specified for each OCT model. In the Hei-
delberg Spectralis OCT instrument, this information is 
available in the embedded software (Supplemental File 
S2).

	1-3.	 A square-shaped region of interest (ROI) was deter-
mined on the screen. It is recommended that the entire 
width of the retina in the image is selected as ROI.

	1-4.	 Align the left and right borders of the ROI so that the 
fovea is at the center.

	1-5.	 Rotate the image so that the retinal pigment epithe-
lium (RPE) is oriented horizontally. If necessary, steps 
1-4 and 1-5 can be skipped because these steps do not 
affect the results.

http://www.kufm.kagoshima-u.ac.jp/%7eop/gairai/RCstructurestudy.html
http://www.kufm.kagoshima-u.ac.jp/%7eop/gairai/RCstructurestudy.html
http://www.kufm.kagoshima-u.ac.jp/%7eop/gairai/RCstructurestudy.html
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	1-6.	 Three representative vascular lumens in Haller’s layer 
of the OCT image that were the darkest were selected 
manually by clicking on their center. The averaged 
reflectivity of these three lumens, expressed as bright-
ness tone, was used as a reference of the lowest cut-off 
value of the brightnesses. Using these data, the clipped 
image was transformed to a new image with 256 tones 
[0 to 255].

2. Determination of threshold

	2-1.	 A histogram was constructed by the brightness of each 
pixel in the ROI of the image.

	2-2.	 Obtain the threshold value. Create a distribution of 
the brightnesses (Fig. 1a, middle). Our previous study 
showed that the threshold value should be set to 4 or 5, 
which means that the top 4 or 5% of the brightest pixels 
turn white after banalization because the RPE layer is 
the brightest layer [19].

	2-3.	 Binarize the image using the binarization threshold 
obtained in step 2 (Fig. 1a, right).

3. Creation of RPE layer boundary and chorioscleral 
boundary

	3-1.	 The boundaries of the black and white areas (lower 
margins of the RPE) are detected in the binarized 
image by the contour extraction method. The software 
is programmed to mark the lower boundary of the 
white band with a light blue-colored line. This line 
indicates the boundary between RPE and choroid and 
is used for the following analyses.

	3-2.	 The chorioscleral boundary is selected manually.

4. Creation of choriocapillaris border

	4-1.	 Extract the brightness data for 50 pixels (Fig. 1b, yel-
low arrows) along the vertical direction beginning 
from the RPE line to bottom (Fig. 1b, red pixels).

	4-2.	 Place them in a rectangle to make all heights uniform 
(Fig. 1b, right).

	4-3.	 Average the brightness of the pixels in the same hori-
zontal line (Fig. 1b, right).

	4-4.	 The results of averaging is analyzed by the second 
derivatives from top to the bottom.

	4-5.	 When the number in the pixel calculated by second 
derivative is 0 and is continued twice in a row or less 
than 0, the corresponding pixel is set as the boundary 
of the choriocapillaris. As a result, the distance from 
the RPE layer to the pixel is set to be the thickness of 
the choriocapillaris.

5. Creating the border between Sattler’s layer and Haller’s 
layer

	5-1.	 Extract the brightness data of each pixel vertically from 
the RPE layer to the choroid-scleral boundary (Fig. 1c, 
left, pink arrows).

	5-2.	 The change in the brightness of the pixels of single 
column from top to bottom is determined by the sec-
ond derivatives (c, right). First, the pixels at which the 
value changes from plus to minus are chosen by the 
second derivatives (candidates). Then the border was 
determined to be the pixel with the highest number by 
the first derivatives among the candidates. The first 
border from RPE layer is the one between choriocap-
illaris (CC) and Sattler’s layer. The second border 
is taken to be the border between Sattler’s layer and 
Haller’s layer. This processing is done for every col-
umn.

	5-3.	 The pixels chosen in previous steps of each column 
is placed as pixel with a red margin (Fig. 1d). Then 
the data are fitted by a quadratic equation using the 
least squares method (Fig. 1d, red intermittent line). 
Although this software is able to perform curve fitting 
by quadratic to 6th curve, the default setting is done 
by quadratic curve. This line is taken to be the border 
between Sattler’s layer and Haller’s layer.

Regional differences of choriocapillaris thickness

The Kago-Eye2 software determined the distance from the 
RPE layer to the border between choriocapillaris and Sat-
tler’s layer, the choriocapillaris thickness, as a line tangent 
to the RPE layer. Thus, we examined whether the chorio-
capillaris thickness differed in different regions of the eyes 
of healthy subjects. The thickness of the choriocapillaris in 
different regions such as subfovea, 750 and 1500 μm nasal 
and temporal from fovea were manually measured in the 
SD-OCT images with the embedded caliper in a Heidelberg 
Spectralis OCT instrument.

Agreement between results obtained 
semi‑automated and manual analysis 
with the Kago‑Eye2 software

The results obtained semi-automatically and manually with 
the software to segment the choroid were compared. Hori-
zontal choroidal images through the fovea were obtained 
with the Spectralis OCT device as described [20]. The bor-
ders of the CC-Sattler’s layer and Sattler’s layer-Haller’s 
layer were determined semi-automatically with the Kago-
Eye2 software as indicated above. The distance of the indi-
cated pixel from RPE layer could be manually measured by 
the Kago-Eye2 software. Thus, manual measurement was 
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performed with this method. The same images were ana-
lyzed by the two experienced examiners on different days 
to avoid measurement bias. The order of the manual and 
automatic measurements was performed randomly.

Next, the inter-rater agreement with the software was cal-
culated. This analysis was done by two independent graders 
(HT and SS) to determine the inter-rater agreement. The 
intra-rater and inter-method agreements were determined for 
the two graders.

Statistical analyses

All statistical analyses were performed with the SPSS sta-
tistics 19 for Windows (SPSS Inc., IBM, Somers, NY). 
The inter-rater correlation coefficients were calculated by a 
two-way mixed-effects model for measurements of absolute 
agreement. Bland-Altman plots were created to assess the 
agreement of measurements between the semi-automated 
and manual measurements with the Kago-Eye2 software. 
A P value of <0.05 was taken to be statistically significant.

Results

Forty-four right eyes of 44 heathy volunteers (22 men and 22 
women) were studied. The average age of the volunteers was 
35.0 ± 8.8 years (average ± SD) with a range of 28 to 56 years. 
The mean BCVA was -0.10 ± 0.06 logMAR units, and the 
mean refractive error (spherical equivalent) was -2.88 ± 1.96 
diopters (D). The mean axial length was 24.86 ± 1.02 mm, and 
the mean intraocular pressure (IOP) was 14.4 ± 3.2 mmHg. 

Although the mean refractive error was slightly myopic, clear 
OCT images of the choroid were obtained from all eyes.

Regional differences of choriocapillaris thickness

The thickness of the choriocapillaris was 18.1 ± 2.93 µm at 
the fovea, 18.3 ± 2.81 µm at 750 µm and 17.2 ± 3.69 µm at 
1500 µm temporal from the fovea and 17.6 ± 2.55 µm at 750 
µm and 17.8 ± 2.57 µm at 1500 µm nasal from the fovea. The 
differences in the thicknesses among the regions were not sig-
nificant (Supplemental Table S1).

Intra‑rater agreements

The segmentation of the choroid was done manually by two 
graders independently or semi-automatically with the Kago-
Eye2 software. The results showed that the intraclass correla-
tion coefficients (ICCs) of intra-rater agreement for CC-Sat-
tler’s border by the manual segmentation was 0.97 for Grader 
1 and 0.892 for Grader 2 (Table 1). The ICC for the S-H border 
was 0.96 for Grader 1 and 0.981 for Grader 2 (Table 1). The 
ICCs of the intra-rater agreement of the C-S border by the 
semi-automated segmentation was 0.908 for Grader 1 and 
0.842 for Grader 2 (Table 2). For the S-H border by semi-
automated segmentation, the ICCs was 0.855 for Grader 1 and 
0.839 for Grader 2 (Table 2).

Inter‑rater and inter‑methods agreements

The inter-rater agreement between the results obtained manual 
and with the semi-automated segmentation performed by the 
2 graders were examined (representative case was shown in 
Fig. 2). The results showed that the inter-rater agreement of 
the C-S border and the S-H border by the manual method were 
0.548 and 0.902, respectively (Table 3). The inter-rater agree-
ments of the C-S border and the S-H border determined by 
the semi-automated method were 0.947 and 0.833 (Table 3). 
The inter-method coefficients, i.e., manual vs semi-automated 
measurements, of the C-S and S-H border were 0.565 and 
0.759 by Grader 1 and 0.543 and 0.763 by Grader 2 (Table 4).

Bland‑Altman analyses

There was no fixed bias or proportional bias between the 
results obtained with the automated and manual methods 
(Fig. 3).

Discussion

The results showed that the Kago-Eye2 software can detect 
the borders between the CC and Sattler’s layer and that 
between Sattler’s layer and Haller’s layer in the OCT images 

Fig. 1   a Creating a brightness distribution. The distribution of the 
brightnesses is created to obtain the threshold value (middle). It is 
recommended that threshold value is set to 4 or 5, which means the 
top 4 or 5% of the brightest pixels turns white after banalization. The 
image is then binarized with the threshold (right). b Conceptional 
image of the RPE and choriocapillaris represented by different shades 
of gray pixels. The RPE layer is represented by the red pixels and 
the chorioscleral border by the blue pixels. The brightness of each of 
the 50 pixels below the RPE layer (yellow arrows) is extracted verti-
cally and the brightness of each line is averaged horizontally. c Con-
ceptional image of brightness data of choroid for each pixel. In this 
image, the RPE layer is represented by the red pixels, and the chorio-
scleral boundary by the blue pixels. The choroidal thickness at each 
point is expressed by the length of the pink arrows. The brightness 
of each pixel is expressed as a shade between white and black; white 
represents high brightness, and black represents low brightness. A 
pixel expressing the CC border is indicated by an arrow. A tentative 
border pixel is indicated by another arrow (right). CC choriocapil-
laris. d Conceptional image of brightness data of choroid. In this 
image, the RPE layer is represented as red pixels and chorioscleral 
boundary is blue. The pixels suggesting the border between Sattler’s 
and Haller’s layer were determined by the combination of the first 
and second derivatives. Then a fitting curve was determined using the 
least squares method. The red intermittent line represents the border 
between Sattler’s layer and Haller’s layer

◂
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with high inter-rater and intra-rater coefficients of correla-
tion (Fig. 2). To the best of our knowledge, a software has 
not been published which can segment these layers in the 
OCT images semi-automatically.

The CC is the layer of blood vessels between the RPE 
and Sattler’s layer. Histological analyses have shown that the 
thickness of the CC is between 5 to 10 µm [21]. However, 
because the CC does not have vascular tone to maintain its 
form after enucleation, there is a high possibility that the 
histological thickness differs from that in the living tissue. 
Although OCT has enabled clinicians and researchers to 
measure the thickness of the choriocapillaris in the living 
tissues reliably, there is no final agreement on the thickness, 
e.g., some reported it to be 10 µm and others 50 µm or even 
thicker [22, 23].

Preliminary experiments have shown that there were 
almost no regional differences in the distance between the 
CC and the RPE layer (Supplemental Table S1). Thus, a line 
tangent to the RPE was taken to be the boundary between 
CC and Sattler’s layer, and it was set to have a value of 0 
by secondary differentiation of each depth. This means that 
the degree of change of the brightness came to a plateau at 
this point.

The thickness of the CC measured manually was 16.10 
± 2.74 μm for Grader 1 and 17.29 ± 2.50 μm for Grader 2. 
On the other hand, the automated measurements with the 
with Kago-Eye2 indicated that the thickness was 17.24 ± 
3.06 μm by Grader 1 and 17.33 ± 3.18 μm by Grader 2. 
The intra-rater agreement was 0.97 for Grader 1 and 0.892 
for Grader 2 by manual measurements, and it was 0.908 for 
Grader 1 and 0.842 for Grader 2 by the Kago-Eye2 software. 
Thus, the reproducibility was good and approximately the 
same for both manual and automated measurements. On the 
other hand, the inter-rater agreement was 0.947 for the auto-
mated measurements compared to 0.548 with the manual 

Table 1   Intra-rater agreement for manual segmentation

CC choriocapillaris, CI confidence interval

CC-Sattler 
border

95% CI Sattler-
Haller 
border

95% CI

Grader 1 0.97 0.946 - 0.983 0.96 0.928 - 0.978
Grader 2 0.892 0.811 - 0.939 0.981 0.965 - 0.989

Table 2   Intra-rater agreement of semi-automated segmentation

CC choriocapillaris, CI confidence interval

CC-Sattler border 95% CI Sattler-
Haller 
border

95% CI

Grader 1 0.908 0.839 - 0.91 0.855 0.75 - 0.918
Grader 2 0.842 0.729 - 0.91 0.839 0.724 - 0.909

Fig. 2   Representative image of the choroid segmented manually or 
by the Kago-Eye2 software. Solid line and dotted line in Sattler’s-
Haller’s border represents the border determined by second deriva-
tive (see Methods) and by the least squares method by KagoEye-2, 
respectively. Choriocappilaris-Sattler’s layer and Sattler’s layer-
Haller’s layer borders are clearly segmented. Dotted red line repre-
sents the results by manual measurement which is a good fit with the 
values obtained by the automated method

Table 3   Inter-rater agreement 
by semi-automated and manual 
measurements

CC choriocapillaris, CI confidence interval, SD standard deviation

Grader 1 (μm ± SD) Grader 2 (μm ± SD) ICC 95% CI

CC-Sattler border (manual) 16.10 ± 2.74 17.29 ± 2.50 0.548 0.264 - 0.736
CC-Sattler border (auto) 17.24 ± 3.06 17.33 ± 3.18 0.947 0.906 - 0.971
Sattler-Haller border (manual) 104.47 ± 29.96 101.83 ± 27.41 0.902 0.828 - 0.945
Sattler-Haller border (auto) 104.37 ± 23.19 104.05 ± 26.70 0.833 0.714 - 0.906

Table 4   Inter-method 
agreement of semi-automated 
and manual measurements by 2 
graders

CC choriocapillaris, CI confidence interval, SD standard deviation

manual (μm ± SD) Automated (μm ± SD) ICC 95% CI

CC-Sattler border (Grader 1) 16.10 ± 2.74 17.24 ± 3.06 0.565 0.30 - 0.7425
Sattler-Haller border (Grader 1) 101.83 ± 27.41 104.05 ± 26.70 0.759 0.598 - 0.861
CC-Sattler border (Grader 2) 17.29 ± 2.50 17.33 ± 3.18 0.543 0.294 - 0.722
Sattler-Haller border (Grader 2) 104.47 ± 29.96 104.37 ± 23.19 0.763 0.606 - 0.863
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measurements indicating the superiority of the automated 
measurements.

The ICC of the inter-method agreements for the CC-Sat-
tler’s border was 0.565 for Grader 1 and 0.543 for Grader 
2. Actually, the difference between the absolute values by 
the manual measurements and automated measurements 
was very small; a 1.14 μm for Grader 1 and 0.04 μm for 
Grader 2. With the current OCT device, even if it is shifted 
by 1 pixel in the vertical direction, the value of the distance 
would change by 3.5 μm [24, 25]. The Bland-Altman analy-
sis showed the difference between manual and automated 
measurement was within 1 μm. Therefore, it is possible 
that the Kago-Eye2 software can be a practical and useful 
method to segment the choroid.

In the segmentation of Sattler’s and Haller’s layers, 
we took a different approach from that between the CC 
and Sattler’s layer because the border between Sattler’s 
and Haller’s layer is not necessarily parallel to Bruch’s 
membrane. Therefore, the brightness of each pixel in the 
vertical direction was secondarily differentiated in the 
same way as it was for the border between CC and Sat-
tler’s layer, and the pixel where the brightness changed 
from bright to dark determined by a second derivative was 
chosen as the S-H border point. The point was plotted for 
each pixel in the different columns, and a best-fit line was 
drawn through these points by the least squares method 
to determine the boundary between Sattler’s layer and 
Haller’s layer. As a result, Grader 1 measured the border at 
104.47 ± 29.96 μm and Grader 2 at 101.83 ± 27.41 μm for 
the manual measurements. The intra-rater agreement by 
manual method was 0.96 in Grader 1 and 0.981 in Grader 
2 which was sufficiently high. In the automated selections, 
Grader 1 measured the point at 104.37 ± 23.19 μm and 
Grader 2 at 104.05 ± 26.7 μm. The intra-rater agreement 

by semi-automated method was 0.855 for Grader 1 and 
0.839 for Grader 2 which was sufficiently high. In addi-
tion, the inter-method agreement was 0.759 for Grader 1 
and 0.763 for Grader 2. Thus, the reproducibility between 
the two methods was very good.

There are many advantages of the semi-automated 
analyses of the OCT images. With the manual procedures, 
the ability, proficiency, and experience of the examiner 
inevitably affect the results. Because our graders were 
experienced and skilled in image analyses, there was high 
agreement even in the manual measurements. However, 
in cases of a non-experienced grader, a highly accurate 
measurement would probably not be achieved. In addition, 
the advantage of the semi-automated measurements is evi-
dent when comparing different studies or analyzing data 
measured by different individuals in a large-scale research. 
Furthermore, it is difficult to follow the changes in the 
brightness of every pixel manually which would require 
considerable amount of time. Therefore, this method 
which can semi-automatically stratify the OCT choroidal 
image would be very practical and important.

In conclusion, our new software algorithm can select 
the borders of the different layers of the subfoveal cho-
roid in normal eyes automatically, and the findings were 
consistent with the manual analysis. The results cannot be 
applied to areas other than the macular area and the study 
in the disease eye is the next task. The present software 
was able to accurately identify the boundary of CC, Sat-
tler’s layer, and Haller’s layer. The position of each border 
under the macula in the normal eyes was highly repeat-
able between the graders. Considering the advantages of 
the semi-automated stratification of choroid of the OCT 
images, this software should have many uses.

Fig. 3   Bland-Altman analysis of manual and automated analyses of 
the segmentation of the subfoveal choroid. The results for the border 
between choriocapillaris and Sattler’s layer (a) and that between Sat-

tler’s layer and Haller’s layer (b) are shown. There was no systemic 
error between manual and automatic measurements
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