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Executive Summary 
 
Tecan produce a range of tubes known as Remp, these tubes are labelled on the underside with a 2-
dimensional datamatrix barcode.  Ziath produce a reader for such tubes entitled DataPaq, this product 
decodes the tubes and presents the results of the read to the user.  DataPaq can read every make and 
model of tube on the market including Thermo Matrix/Abgene/Nunc, Matrical and Micronic. 
 
Remp tubes can be read by DataPaq however, these tubes produce a significant challenge due to three 
reasons; firstly, the codes are burnt directly into the tube plastic by a laser which produces a burn mark 
which is not clearly defined and secondly, the tubes are translucent meaning that the colour of the 
liquid inside the tubes shines through, affecting the contrast of the barcode in relation to the backing 
plastic of the tube, finally the level of background light affects the reading as it affects the level of 
contrast between the barcode and the underlying plastic. 
 
These difficulties mean that there are some situations under which a tube cannot be read.  Ziath has 
undertaken considerable research and development into quantifying the cases under which a Remp tube 
can and cannot be read.  A dilution series of colours in red, green, blue and yellow was produced and 
scanned at a variety of light intensities measured in Lux, these dilutions were replicated in a number of 
6 tubes at each colour. 
 
The results were then graphed out in a 3-dimensional graph at each light intensity to detail out the 
results in a visual form.  On top of this graph can be applied the samples from the application space 
(blood banking, plasma, etc); thereby allowing the application scientist to determine if the client’s 
samples can be correctly scanned. 
 
 The results show a clear distinction of tubes that can or cannot be scanned.  A tube containing dark 
liquids at any colours, blue or green liquids can be scanned at any colour and all light intensities 
(except for light green colours which fluoresce when light green and suffer in bright light).  Tubes 
containing bright red liquids and bright yellow liquid suffer from readability; the problems are 
accentuated at higher light intensities. 
 
The light intensity affects the reading of the samples; at 100 lux (twice the level of a typical family 
living room) the scanner gives a good performance in all cases except for bright red or yellow samples.  
Therefore it is recommended that the background light should be monitored in the user’s area – if the 
light cannot be controlled then it is recommended that a small cover be built for the scanner to control 
the background light.  This will ensure a much more reliable read.  In relation to this, the reading 
accuracy is related to whether the tubes are capped or not.  If a tube is uncapped, the background light 
levels are higher. 
 
To summate, Ziath provides scanners which can read tubes in the majority of cases (with clear bright 
red/yellow being the exception), to ensure a reliable read the background light level should be 
controlled.  Should there be any further requests to work upon scanning tubes; Ziath is available to 
undertake further research.  Indeed, Ziath has some concepts for hardware which could be produced to 
ensure a reliable read for every tube regardless of the tube contents or background lighting conditions.
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Introduction 
 
Ziath has developed a scanning product known as ‘DataPaq’.  This product is designed to read 2-
dimensional barcoded tubes in a rack.  The software is easy to use and can scan any tube on the market 
with a single click, this includes Thermo Matrix/Abgene/Nunc, Micronic/FluidX and Matrical.  
However Remp tubes present a particular challenge, this is due to three factors: 
 

1. The contrast between a burnt dot and the plastic background is not large. 
2. The tubes are translucent, and therefore any coloured solutions in the tube affect the background 

of the barcode. 
3. As the tubes are translucent the level of background light affects the level of contrast when 

filled with a sample which accentuates the level of light. 
 
Ziath has expended considerable research and development effort into decoding Remp tubes utilising a 
relatively low-cost and low-profile scanner.  However, there are some conditions upon which decoding 
Remp tubes cannot be achieved.  The parameters of ‘readability’ are related to the colour of the liquid 
inside the tube and the level of background lighting. 
 
This report will detail under what conditions a tube can be read.  This data can then be mapped onto the 
application field such as blood banking, RNA/DNA, plasma, etc. 
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Method 
 
A number of blocks were filled with a range of colours and intensities produced by diluting food dye in 
series.  To measure the level of colour, each tube was scanned in darkness and the colour of the 
underside of the tube was measured for red, green and blue as follows: 
 

 
Figure 1- Example of colour determination 

 
Due to the effect of the plastic, the colours show a defined range of red, green and blue.  Therefore 
these values are also displayed as a difference away from a tube containing clear liquid which is taken 
as a control. 
 
  For illustrative purposes the dilution ranges are detailed below, however for quantitative reasons the 
underside of the rack should be used to measure the tube content colour.  Note that the dilution series of 
red and yellow are to a greater dilution that the green and blue.  This is to produce a deeper range of 
dilutions due to this being an area of interest and also that the ‘neat’ red and yellow are also much 
darker than the green and blue.  In addition, one tube was filled with a white substance. 
 

 
Figure 2 - Red Dilution Series (Part 1) 
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Figure 3 - Red Dilution Series Part 2 

 
Figure 4 - Green Dilution Series 

 

 
Figure 5 - Blue Dilution Series 

 

 
Figure 6 - Yellow Dilution Series (Part 1) 

 
Figure 7 - Yellow Dilution Series (Part 2) 

 
Figure 8 - White Tube 

 
These racks, once produced, were scanned in a range of increasing light intensities; the light intensity 
was measured in the SI unit of Lux.  Lux levels were taken in darkness; 100 Lux, 150 Lux, 250 Lux, 
500 Lux and 800 Lux.  Lux is not a linear scale; for guidance the typical levels of Lux is detailed 
below: 
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A typical laboratory typically falls in between 50-500 Lux. 
 
Each of these wells was scanned at the aforementioned range of lux and the results calculated as to the 
number of read failures (if any) that were recorded. 
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Results 
 
Each group of wells of a single colour are quantified and analysed according to the results from the 
reading.  The following table details the results; firstly, the definition of each header is detailed below: 
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The results are detailed overleaf. 



Dye Approximate Tube Side Colour Dilution  Factor N ormalised Red Normalised Green Normalised Blue 0.5 Lux 100 Lux 150 Lux 250 Lux 500 Lux 800 Lux 

Empty Tube   N/A 0 0 0 0 0 1 2 4 6 

Clear   N/A 0 0 0 0 0 1 1 4 4 

Whte   N/A -48 -46 -38 0 0 0 0 0 0 

Green   100 48 38 38 0 0 0 0 0 0 

Green   90 43 33 33 0 0 0 0 0 0 

Green   80 43 31 31 0 0 0 0 0 0 

Green   70 46 36 36 0 0 0 0 0 0 

Green   60 41 28 31 0 0 0 0 0 0 

Green   50 38 25 28 0 0 0 0 0 0 

Green   40 43 31 33 0 0 0 0 0 0 

Green   30 38 25 25 0 0 0 0 0 0 

Green   20 48 31 33 0 0 0 0 0 0 

Green   10 41 25 28 0 0 0 0 0 0 

Green   9 46 28 31 0 0 0 0 0 0 

Green   8 46 28 31 0 0 0 0 0 0 

Green   7 46 25 25 0 0 0 0 0 0 

Green   6 51 25 28 0 0 0 0 0 0 

Green   5 41 23 25 0 0 0 0 0 1 

Green   4 38 20 25 0 0 0 0 0 0 

Green   1 33 20 20 0 0 0 0 1 2 

Green   0.9 25 15 18 0 0 0 0 1 1 

Green   0.8 31 15 20 0 0 0 0 0 0 

Green   0.7 15 8 13 0 0 0 0 5 2 

Green   0.6 15 10 15 0 0 0 0 3 1 

Green   0.5 20 13 18 0 0 0 0 2 0 

Green   0.4 18 13 18 0 0 0 0 4 2 

Green   0.3 18 10 15 0 0 0 0 4 0 

Blue   100 51 41 38 0 0 0 0 0 0 

Blue   90 48 38 36 0 0 0 0 0 0 

Blue   80 48 38 36 0 0 0 0 0 0 

Blue   70 48 41 41 0 0 0 0 0 0 

Blue   60 43 36 33 0 0 0 0 0 0 

Blue   50 43 36 36 0 0 0 0 0 0 

Blue   40 41 36 36 0 0 0 0 0 0 

Blue   30 43 36 36 0 0 0 0 0 0 

Blue   20 48 38 36 0 0 0 0 0 0 

Blue   10 38 28 25 0 0 0 0 0 0 

Blue   9 43 36 33 0 0 0 0 0 0 
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Blue   8 41 31 31 0 0 0 0 0 0 

Blue   7 46 36 36 0 0 0 0 0 0 

Blue   6 43 36 33 0 0 0 0 0 0 

Blue   5 43 36 33 0 0 0 0 0 0 

Blue   4 43 36 36 0 0 0 0 0 0 

Blue   1 43 31 25 0 0 0 0 0 0 

Blue   0.9 36 23 20 0 0 0 0 0 0 

Blue   0.8 33 20 20 0 0 0 0 0 0 

Blue   0.7 36 20 20 0 0 0 0 0 0 

Blue   0.6 38 25 23 0 0 0 0 0 0 

Blue   0.5 31 20 18 0 0 0 0 0 0 

Blue   0.4 31 18 18 0 0 0 0 0 0 

Blue   0.3 31 15 15 0 0 0 0 0 0 

Red   100 43 36 33 0 0 0 0 0 0 

Red   90 41 36 33 0 0 0 0 0 0 

Red   80 36 28 25 0 0 0 0 0 0 

Red   70 41 33 31 0 0 0 0 0 0 

Red   60 41 33 31 0 0 0 0 0 0 

Red   50 36 31 31 0 0 0 0 0 0 

Red   40 28 25 23 0 0 0 0 0 0 

Red   30 28 25 25 0 0 0 0 0 0 

Red   20 41 36 36 0 0 0 0 0 0 

Red   10 33 33 31 0 0 0 0 0 0 

Red   9 31 33 31 0 0 0 0 0 0 

Red   8 31 36 33 0 0 0 0 0 0 

Red   7 31 36 36 0 0 1 0 1 2 

Red   6 23 31 31 0 0 0 1 0 1 

Red   5 20 31 31 0 0 0 1 1 2 

Red   4 20 31 31 0 0 1 1 2 2 

Red   1 23 33 31 0 0 2 5 4 5 

Red   0.9 13 23 23 0 0 2 5 4 3 

Red   0.8 15 28 25 1 0 3 5 4 5 

Red   0.7 15 25 25 0 1 3 5 4 3 
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Red   0.6 10 23 23 2 0 2 5 2 3 

Red   0.5 15 31 31 1 0 4 6 6 3 

Red   0.4 13 28 28 0 0 2 2 3 2 

Red   0.3 2 20 20 3 1 3 1 3 1 

Red   0.1 19 26 23 0 0 0 1 3 0 

Red   0.08 18 24 24 0 0 0 1 2 4 

Red   0.06 15 21 21 0 0 0 0 4 1 

Red   0.04 15 20 21 0 0 0 1 0 2 

Red   0.02 7 9 11 0 0 0 2 4 3 

Red   0.01 14 15 17 0 0 0 0 0 6 

Red   0.005 9 7 12 0 0 0 1 2 4 

Red   0.0025 5 2 7 0 0 0 0 0 3 

Yellow   100 15 28 28 2 0 3 3 3 1 

Yellow   90 15 28 31 2 3 6 5 4 3 

Yellow   80 13 25 25 0 0 5 4 5 3 

Yellow   70 13 25 25 1 1 5 4 2 4 

Yellow   60 13 28 28 1 0 5 4 3 1 

Yellow   50 13 31 31 2 2 4 3 4 0 

Yellow   40 13 31 31 1 2 5 3 3 2 

Yellow   30 5 20 23 3 2 6 3 2 1 

Yellow   20 25 36 36 2 0 4 6 4 4 

Yellow   10 15 28 31 1 0 6 2 5 3 

Yellow   9 13 28 31 1 2 5 5 3 3 

Yellow   8 0 10 13 2 1 4 4 4 4 

Yellow   7 13 25 31 1 0 6 5 2 4 

Yellow   6 13 25 31 3 1 6 5 2 5 

Yellow   5 2 15 20 2 2 5 5 4 2 

Yellow   4 8 18 25 3 3 4 6 5 2 

Yellow   1 20 20 28 0 0 0 1 4 2 

Yellow   0.9 13 15 20 0 0 0 1 3 4 

Yellow   0.8 15 18 25 0 0 1 0 2 3 

Yellow   0.7 15 15 25 0 1 2 0 1 3 

Yellow   0.6 5 8 15 0 0 0 0 1 1 
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Yellow   0.5 5 8 15 0 0 2 2 2 1 

Yellow   0.4 0 0 10 0 0 1 1 4 3 

Yellow   0.3 10 10 20 0 1 1 0 1 3 

Yellow   0.1 8 5 10 0 0 2 1 1 2 

Yellow   0.08 0 -1 5 0 0 0 0 1 2 

Yellow   0.06 8 4 9 0 0 0 1 0 0 

Yellow   0.04 1 1 7 0 0 2 1 1 1 

Yellow   0.02 10 6 11 0 0 0 2 2 4 

Yellow   0.01 6 2 8 0 0 0 1 0 1 

Yellow   0.005 -2 -9 -6 0 0 0 3 1 3 

Yellow   0.0025 0 -4 -1 0 0 0 1 1 0 



In addition, an interactive graph is provided to visualise the results in a 4-dimension graph format.  A 
screenshot for the program is shown below: 
 
 

 
Figure 9 - 0.5 Lux 

 
Figure 10 - 100 Lux 

 
Figure 11 - 150 Lux 

 
Figure 12 - 250 Lux 

 
Figure 13 - 500 Lux 

 
Figure 14 - 800 Lux 
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Conclusion 
 
DataPaq can read Remp tubes in the majority of cases.  A summation of the various situations is below: 
 
Empty Tubes 
 
Empty tubes can be read, however in bright light conditions this can fail. 
 
Green Tubes 
 
Green tubes can be read at most intensities and most light intensities except for light green in bright 
conditions.  This is because bright light makes the bright green tubes ‘fluoresce’. 
 
Blue Tubes 
 
Blue tubes can be read in moderate light conditions. 
 
Red Tubes 
 
Red tubes of dark intensities can be read in all conditions; however, moderate light-red samples can 
only be read in moderate light conditions.  This is because the red colour lights up and blends with the 
barcode. 
 
Yellow Tubes 
 
Very intense yellow dye actually lights up when illuminated to be closer to red (this is due to the 
makeup of the yellow dyes available on the market), therefore very intense pure yellow samples cause 
problems at all light intensities.  However moderate yellow samples can be read in moderate light 
conditions. 

Illumination 
 
In general it is advised that the scanner can read most tubes at moderate light conditions.  The ideal lux 
is twice that of a normal room illumination but below that of a ‘bright’ office.  Should a client have a 
range of samples which they wish to scan, it is recommended that a location be chosen which is away 
from strong light sources such as windows or overhead lights.  Should absolute certainty be required 
then it is recommended that a small enclosure be used to shield the scanner from bright light sources – 
however on a typical bench in typical light source then the majority of samples can be read. 
 
Another factor which can influence ‘readability’ of tubes is if the tubes are capped or decapped.  Tubes 
which are decapped are more susceptible to higher levels of lux.  Empty tubes at 100 lux with light 
from a window can be read without any problems. 


