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Background correction algorithm (BCA) is useful in enhancing the visibility of images captured in crime scenes
especially those of untreated bloodstains. Successful implementation of BCA requires all the images to have
similar brightness which often proves a problem when using automatic exposure setting in a camera.
This paper presents an improved background correction algorithm (BCA) that applies mean-based contrast
adjustment as a pre-correction step to adjust the mean brightness of images to be similar before implementing
BCA. The proposed modification, namely mean-based adaptive BCA (mABCA) was tested on various image
samples captured under different illuminations such as 385 nm, 415 nm and 458 nm. We also evaluated
mABCA of two wavelengths (415 nm and 458 nm) and three wavelengths (415 nm, 380 nm and 458 nm) in
enhancing untreated bloodstains on different surfaces. The proposed mABCA is found to be more robust in
processing images captured in different brightness and thus overcomes the main issue faced in the original BCA.
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1. Introduction

Biological evidence collection and documentation are critical
procedures in crime scene investigation, especially bloodstains [1]. The
characteristics of in situ bloodstains, such as the shape of the stains
and their location on a contact surface, can provide useful leads during
case reconstruction [2]. Chemical such as luminol (5-amino-2,3-
dihydro-1,4-phthalazinedione) has been used for more than four
decades by forensic investigators [3,4] to enhance bloodstains in traces
[2–6]. Nonetheless, the use of such chemical can be hazardous to the
health of the investigators [6] although the DNA typing of luminol
enhanced stains is still possible using short tandem repeat (STR)
profiling [7–9].

Compared to the use of chemical enhancement techniques, visuali-
sation of latent evidence using alternative light source enhancement,
by virtue of its non-destructive nature, should be integrated as a regular
enhancement strategy after the initial crime scene screening process
especially at the scenes of violent crimes [2,10]. Untreated bloodstains
appear as dark stainswhen exposed to suitable alternative light sources
due to strong absorption of light along the near ultraviolet, visible and
near-infrared wavelengths' regions [11]. A very strong and narrow
peak absorption of light, namely Soret band, at 395 nm to 435 nm
lightwavelengths, in the presence of haemoglobin [11] has beenmanip-
ulated to enhance the contrast of the stains in relation to its background

[2,5,11] to assist stain identification and improve quality of scene photo-
graphs [2,12].

Background correction algorithm (BCA) proposed by Wagner and
Miskelly [13,14] was used to discriminate diluted bloodstains against
the background utilisingmathematical manipulation to enhance visual-
isation of bloodstain images captured under the illumination at 415 nm
against images captured under the illuminations at 395 nmand 435 nm.
BCAwas also extended to improve the visibility of chemically treated la-
tent fingermarks and soil shoemarks [15] by utilising the fluorescence
or absorption spectra of the targeted evidences. BCA for linear images
was calculated as

Iout ¼ 2I1
I2 þ I3

� 200� 128 ð1Þ

where I1, I2 and I3 are the intensities of 415 nm and another two
neighbouring light wavelength images respectively.

In our previous work [16], we demonstrated the application of BCA
using 415 nm and 458 nm illuminations where the detectable blood-
stain dilution on carpet has greatly improved from 32× to 512×. None-
theless, one practical challenge was to ensure similar exposure or
brightness of the captured images [13,14] for successful BCA. The suit-
able images which have identical brightness for different wavelengths
weremanually chosen from a set of images recorded in different shutter
speed settings, a process that was time consuming. Use of automatic
exposure setting in the camera failed to produce identical brightness
in the illuminated images of targeted light wavelengths, namely
380 nm, 415 nm and 458 nm.
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Technically, BCA for bloodstain image divides 415 nm illuminated
image by the other two images captured under the illuminations of
neighbouring wavelengths. Since backgrounds are ideally having the
same intensity value for both images, the background pixels' output
values would be 1. On the other hand, bloodstains' pixels output values
would be significantly lower than 1 due to the darker appearance of
bloodstains under 415 nm illumination compared to other illumination
at different wavelengths [13,14].

Using different wavelengths with identical area of illuminations and
direction of source, BCA could enhance the visibility of bloodstains by
causing the background to be more uniform and bright compared to
the area of bloodstains [13,14]. Wagner and Miskelly [13,14] proposed
the division of these images to be adjusted by dividing 0.05 (multiply
by 200) and the resultant minus by 128, as in Eq. (1). This algorithm
could only be used if the background has similar appearance and bright-
nesswhen exposed to all targeted lightwavelengths. Therefore, in order
to ensure the effectiveness of BCA, the light wavelengths must be as
near to 415nmas possible and theoutput brightness (minimumaround
20 nm as suggested by the authors) or exposure of the captured images
must be identical.

This work demonstrated a robust modified BCA for forensic blood-
stain imaging using mean-based contrast adjustment (mCA), utilising
similar concept of camera's automatic exposure adjustment using
mean brightness [17–19], on linear images captured by Canon EOS
60D SLR camera. The mCA was incorporated into BCA to improve the
robustness of BCA in coping with different exposure images. The
proposed modification termed here as mean-based adaptive BCA
(mABCA) is more practical compared to the original BCA which is
sensitive to the brightness of images where slight differences between
each image can severely deteriorate enhancement.

2. Methodology

The division value of Eq. (1) would not lead to 1 for background
pixels for images of non-identical brightness and the resultant image
would not successfully show good contrast of bloodstains to back-
ground.Wagner andMiskelly [13,14] employed the automatic exposure
setting in the camera to ensure similarity in the brightness of the cap-
tured images, with the bloodstain alone to appear darker in comparison
to its background in 415 nm illuminated image.

However, as reported by Wagner and Miskelly [13,14], automated
exposure failed when capturing images under 395 nm illuminations.
Under this illumination, the brightness of the resulting image was
totally different compared to images captured under 415 nm illumina-
tion, due to lower sensitivity of camera sensor towards UV illumina-
tions. Hence, when photographing UV illuminated images, the camera
exposure was manually set to be ten times longer than that used to
capture images under 415 nm illumination. It is important to note that
these settings would be different when employing different cameras
or light sources.

In our previous work of evaluating BCA [16], the captured images
weremanually chosen from a set of images obtained in different shutter
speed settings to select images of identical brightness for different
wavelengths. Automatic exposure setting of the camera could not
always produce identical brightness in images exposed to illuminations
of different light wavelengths, namely 380 nm, 415 nm and 458 nm. In
fact, the automatic exposure setting of our camera is considering values
of image output in red, green and blue (RGB) channels to select a
suitable setting for producing an optimally exposed image. It is impor-
tant to note that according to the spectral response of Canon 60D SLR
camera reported by Jun et al. [20], the camera sensitivity differs for
each of the RGB channels at 415 nm and 458 nm light wavelengths.
Therefore, the blue channels of the images of targeted wavelengths
would be non-identical in terms of brightness even when automatic
exposure setting is selected.

Image pre-processing, such as contrast adjustment, on the captured
images could be implemented to improve the robustness of BCA imple-
mentation. In thismatter, we studied the concept of camera's automatic
exposure setting through mean brightness. Traditionally, automatic
exposure setting in a camera used mean brightness of images to select
the gain or multiplication factor (exposure settings) for adjusting the
pixel's input intensities to the targeted luminance values [17–19]. This
concept is implemented as our image pre-processing algorithm, namely
mean-based contrast adjustment (mCA), to adjust themean brightness
of images captured under illuminations of different wavelengths to be
similar prior to BCA.

In fact, a variety of histogramequalisation algorithms reported in the
literature [21–23] have better performance in enhancing contrast of
images compared to mCA. However, these algorithms manipulate the
distribution of histogram and hence the intensity ratio of each pixel
would differ from the original images. This is undesirable as all the
pixels' intensity of background in raw images between 415 nm and
other light wavelengths' images must be similar for BCA to produce
uniform-looking background. It should be noted that mCA will
also alter the histogram distribution but pixels are adjusted in the
same ratio to the original values, except for the underexposed and
oversaturated pixels. Therefore, as long as input images do not contain
significant amount of the saturated pixels, the division between pixels
of input images' background will be near to 1 and would not cause
significant problem to BCA.

Hence, mCA can be a simple and suitable brightness enhancement
method to aid the BCA in getting suitable brightness of input images.
mCA is expressed as

Iout ¼ Iin
Imean

� Itarget ð2Þ

where Iout is the output image pixel intensity value, Iin is the input image
pixel intensity value, Imean is themean intensity of the image and Itarget is
the targeted output brightness value.

Themean intensity value of all the captured images, which indicates
the brightness level [17–19], could be controlled to produce similar
brightness level for images captured under different illuminations by
setting Itarget values of all images to be equal. Themodified BCA equation
(Eq. (1)) with the application of mCA (Eq. (2)) can be expressed as

Iout ¼ 2I1=I1
I2=I2 þ I3=I3

� 200� 128 ð3Þ

where I1, I2 and I3 are the mean intensities of 415 nm and another two
neighbouring light wavelengths' images respectively.

The division value in this equationwould ideally be 1 for non-blood-
stain pixels, whichwould generate the best output for BCA [13,14]. This
modification allows all the three images to be adjusted to almost similar
brightness, where the Itarget in Eq. (2) is set to be 1 for all the three
images in mABCA equation (Eq. (3)). Therefore, the division value
in Eq. (3) would ideally be 1 for non-bloodstain pixels, which would
generate the best output for BCA [13,14].

3. Experimental procedure

3.1. Bloodstain preparation

The use of human blood sample in this experiment was approved by
the Human Research Ethics Committee of the Universiti Sains Malaysia
(USM). The blood samplewas obtained from the Blood Transfusion Unit
of USM Hospital in a 450 cm3 blood bag and stored at 4 °C temperature
prior to use. Blood samples were prepared in a serial dilution with
distilled water to give samples with dilutions of 1×, 2×, 5×, 10×,
25×, 50×, 100×, 250× and 1000×. The prepared blood samples were
stained onto seven different surfaces: white paper, white cotton
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