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Software developent specification

Draft 0.1 - 14 Nov 2017

We seek a software developer to produce an automated process extracting data
based on the differences observed in a series of images.

1 Background

A series of photographs is taken from domestic electricity meters every 10 minutes
over 28 hours (i.e. 169 images per series). Lighting is controlled such that the
only difference between the images should therefore be the displayed electricity
reading. The right most digit displays a tenth of a kWh.

We seek to extract the rate of change (Watt) between subsequent images within
one series with the highest possible accuracy. Multiple such series will be recorded
and analysed subsequently on a workstation. No live or high speed processing is
required, but a high degree of automation is desirable.

Figure 1: Two pictures with different readings

Assuming the right most digit (d = 0) has moved by r = 10% from one number
to the next we can calculate the result as follows:
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P = ∆E×rd

∆t

P = 0.1kW h×10%
10min = 10W h

1
6 h

= 60W

Note that higher consumption (600W, or even 6000W) makes the digits to the
left move r = 10%. It is therefore necessary to locate and observe at least 3
digits. 60,000 W is improbable in this context. The strict ratio of 1:10 between
digits may also help as a quality control tool, given this relationship between
them:

P = 600W × r0 = 6000W × r1 = 60000W × r2

2 Suggested process

Only a small area of the image is of interest. Within each series (169 images
with the same ID) this area remains fixed. Between series this zone is likely to
be in different locations. A first step is therefore to identify the area of interest
and the three digits in question in particular. This should be possible based on
differences observed across the series.

Figure 2: The vertical height of the difference between images (dy) is to be
translated into numerical readings.

The movement of digits is only vertical and upwards. The vertical height of the
difference between two adjacent images needs to be measured and scaled. The
size of the digits may differ slightly between one series and another. Scaling is
therefore best performed using the 1:10 ratio between neighbouring digits.

3 Quality control

Following tests could be performed to ensure quality of data. The extent to
which they need to be implemented will depend on the quality issues observed
during testing.
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• If a digit has moved by more than the vertical height of the font, the height
measurement needs to be ignored. For the digit ‘1’ the full height can be
used, whereas digit ‘2’ may be limited to the line width. In this case the
digit to the left should be used instead.

• Stray light or other noise has made a measurement unreliable - if differences
are above a threshold readings need to be rejected

• Especially during periods when the differences between adjacent images
is small, it may be necessary to to compare an image with one that was
taken 20 minutes or further apart. These wider comparisons could also be
used to interpolate data and test quality.

• Optical character recognition software may help to verify results. For
instance, the difference between an absolute reading of the first and last
image should be equal to the aggregate of power readings within tolerances.

Failed readings should be annotated in the fourth column of the output file (e.g.
‘-1’ - exact codes to be agreed).

Otherwise the quality column displays the sum of binary values of the digits
that where used and are in agreement. For example, r2 = 3% and r1 = 30%
results in a quality score of 22 + 21 = 6.

4 Input

A series of image files named with the following convention:

ID_Datetime.jpg

Example:

1234_2018-12-31_23:40:02.jpg

1234_2018-12-31_23:49:57.jpg

1234_2019-01-01_00:10:01.jpg

5 Output

A comma separated text file in the following format:

File name: 1234_v.csv

ID Date time Watt Quality
1234, 2018-12-31 23:49:57, 376, 3
1234, 2019-01-01 00:10:01, 512, -1
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6 Criteria

6.1 Essential criteria

• experience with image processing
• knowledge of existing libraries for fast development
• willingness to develop processes as part of a dynamic project
• ability to work to deadlines

6.2 Desirable

• experience with optical character recognition
• open source coding
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