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Visualizing latent evidence at a crime scene has gained popularity in the field of forensic science during
the past few years. Thus, this study designs and develops a one-click device for the rapid visualization
and extraction of latent evidence through multimodal light source integration and light-guiding
technology. Our device exhibits multispectral and angle timing functions for storing the captured
evidence images. Furthermore, the geometric registration, feature extraction, feature optimization,
and feature integration of the evidence images are processed by a backend system, and the images
are then presented. Overall, this study enhances the standard and the technical content of evidence
extraction and simplifies the evidence extraction process. In addition to the rapid handling of the
scenes captured at a crime scene, the one-click device has other notable advantages, such as fast
imaging, portability, being independent of the environmental conditions and the operator’s technical
capabilities, and zero pollution to ensure the repeatability of material evidence extraction. Compared
with the original optical forensics equipment, the spectrum and angle of our system are more
extensive.

Crime scene evidence collection methods are primarily divided into display and extraction. The former methods
mainly include a physical display (including optical display) and a chemical display"?, while the latter methods
involve original and photo extraction. In recent years, due to the rapid development of new technologies, such
as DeoxyriboNucleic Acid (DNA) testing'~® and non-destructive displaying methods, optical display methods
have gradually become the mainstream’~, with photography governing the extraction methods. Nevertheless,
the above methods have a wide variety and involve cumbersome operations, heavily relying on the personnel’s
technical level, often affecting the quality of evidence collection'®!". For instance, during optical display, the qual-
ity of evidence collection is affected by numerous parameters such as the selected spectrum, light distribution
angle, photography technology, and the selected filter'?'%. In order to further improve the crime scene investi-
gation ability, assist the case investigation department in dealing with the scene quickly in case of emergencies,
and ensure the quality of crime scene evidence collection, it is mandatory to develop an easy-to-use and fully
automatic device for rapid visualization and extraction of latent evidence.
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Crime scene evidence collection typically aims to detect and extract biological stains to support downstream
processing of forensic samples and generate rapid intelligence to assist the investigation department in identifying
the person the biological stain belongs to. Current approaches traditionally rely on chemical and immunologi-
cal techniques, which lack sensitivity and specificity. Furthermore, existing evidence collection techniques are
primarily manual, opposing the current era of automation that governs various domains in everyday life.

The oldest forms of biological forensic analysis rely on fingerprints or body fluids, e.g., saliva, blood, and
semen, detected at a crime scene'®. Alternative methods exploit DNA profiling'® and detect the gunshot resi-
due on an object or even the detected footprints. Nevertheless, most of these techniques are manually applied,
increasing the burden of the crime scene evidence collection team, and are significantly governed by the opera-
tor’s technical abilities. Spurred by this concern, the “Future of Forensic and Crime Scene Science Conference”
defined the critical system and technological design drivers!” as (1) Miniaturization to increase portability and
ease of use, (2) Faster analysis, (3) Simple ‘Black-Box’ interpretation, (4) Easy integration of case information, and
5. Low cost. Urged by these developing drivers, the iForenLIBS'® device has been developed to collect Gunshot
Residue (GSR) from a crime scene, which exploits Laser Induced Breakdown Spectroscopy (LIBS) technology
to analyze GSR particles by detecting the three typical ammunition elements (Lead, Barium, and Antimony)
simultaneously. An alternative method" analyzed GSR by employing a chemical imaging system operating in the
short-wave infrared region (SWIR). Although this hardware configuration did not meet the portability design
driver mentioned above, it still poses an appealing solution for automatic crime evidence collection.

It should be noted that according to the literature, currently, these are the only devices developed at a Tech-
nology Readiness Level (TRL)? of at least 6, where the device undergoes some field tests while still considering
(at least partially) the proposed design drivers mentioned above'”. However, several appealing approaches exist
that are still at a lower TRL of up to 3 or 4. Indeed, the great success of modern computer vision techniques,
including deep learning strategies, has already been extended to crime scene evidence collection or supporting
crime investigation teams in general. For example, in a footwear print retrieval system?!, the footwear print
pattern is characterized based on shape features and an Attributed Relational Graph. Recently, 3D crime scene
reconstruction® technology has been developed, producing more insightful, complete, and objective docu-
mentation for crime scenes. This system comprises a laser scanner, a situational structured light scanner for fine
measurements, and a detailed structured light scanner to extract the maximum possible details.

Currently, fingerprint and body fluid stain collection are manual, and the investigation scene’s surface must
be considered to determine the appropriate collection methods. Depending on the surface type, i.e., absorptive,
non-absorptive smooth surface, and non-absorptive rough surface, the appropriate powder type for fingerprint
extraction is chosen. Furthermore, the collecting methods depend on the fingerprint type, i.e., latent, patent, and
plastic?. For instance, to collect latent fingerprints made from body skin oil and sweat, visualizing the fingerprint
requires an additional process®. Therefore, given the current technological era and to ease the crime investigation
departments, developing a fully autonomous, i.e., one-click, device to capture fingerprints is essential. Neverthe-
less, to our knowledge, such an automatic fingerprint extraction system that meets the required design drivers'”
and exceeds a TRL level of 4, i.e., exceeding the proof-of-concept stage, has not been proposed yet.

For completeness, opposing fingerprint and body stain fluids visualization and extraction, most current
work focuses on automatically classifying and matching the collected evidence against a database rather than
collecting them. Hence, significant improvements have been made at a software level. For instance, fingerprint
classification, i.e., grouping fingerprints in a consistent way so that different impressions of the same finger are
clustered in the same group, relies on deep learning”?’, graph theory exploiting directional data®, ridge flow
and ridge lines*"*?, and rule-based® schemes. Nevertheless, these techniques are purely software-based and are
the follow-up process of this paper’s visualization and extraction process.

Spurred by this technology gap, this paper develops a “one-click device for rapid visualization and extraction
of latent evidence’, aiming to develop and evaluate a fully autonomous, easy-to-use, quick, and highly efficient
fingerprint and body fluid stains extraction system (image capturing) for crime scene evidence collection in the
crime field scene. The proposed device improves the scientific and technological content of crime scene investiga-
tions, simplifies the evidence collection steps, and quickly completes the display and extraction of latent evidence,
such as fingerprints and body fluid stains from the scene, based on a one-step process. This is important as our
system neglects the impact of cumbersome operation steps and the personnel’s technical level on the quality of
forensics, ensuring standardization, efficiency, and high-quality crime scene evidence collection, overcoming the
deficiencies of existing methods. According to the user reports of several front-line investigation departments
in Shanghai, the developed device acquired multi-angle fingerprint photos on non-plane bearing objects at the
scene of many criminal cases. After image fusion, clear and complete fingerprint pictures were obtained. Thus,
the proposed device provides a robust technical guarantee for the public security teams to solve criminal cases.
Overall, the contributions of this work are summarized as follows:

1. Exploiting the optical properties of biological evidence and its carriers, employing the mechanism and tech-
nology of various light source bands to display biological evidence, and integrating multiple light sources
and image processing techniques.

2. Developing a “one-click device for rapid visualization and extraction of latent evidence at the scene” by
employing the knowledge presented above. The developed system is portable with a high battery endurance,
meeting the suggested design drivers for the crime evidence collection systems.

3. Solving the current problem of rapid search and discovery of potential biological evidence within a crime
scene while avoiding complicated operation procedures, eliminating the effect of different personnel’s tech-
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Figure 1. Integrated primary encapsulation and secondary optical design of the LED light source.

nical skills on the quality of the collected evidence, and meeting the requirement for rapid disposal of crime
scene evidence.

4. 'Through the proposed one-click device, our system acquires multiple photographs with multispectral and
multi-angle lights, while the evidence’s geometric registration, feature extraction, optimization, and fusion
are completed in the background before the resultant image is displayed.

5. Although the developed device has numerous capabilities, it is a low-cost device as its manufacturing cost
does not exceed $1200.

The remainder of this paper is as follows. In “Literature review” section presents the current works in crime
scene evidence collection. In “Study on multi-mode light source integration and light-guiding technology”
section introduces the multi-mode light source integration and light-guiding technology, while “Design of the
proposed device” section presents the design of the developed one-click device for rapid visualization and extrac-
tion of latent evidence at a crime scene. Finally, “Conclusion” section concludes this work.

Study on multi-mode light source integration and light-guiding technology

A one-click device for rapid visualization and extraction of latent evidence at the crime scene should be portable
and have the endurance of self-power supply for a long time. Therefore, this project mainly focuses on developing
light-emitting diode (LED) light source technology and studies the multi-integral spherical focusing technol-
ogy. An integrating sphere is a hollow sphere whose inner wall is coated with white diffuse reflective material,
also known as a photometric sphere or luminous flux sphere. One or several window holes are opened on the
spherical wall used as light inlet and receiving holes for placing the light receiving devices. The inner wall of
the integrating sphere should be a highly accurate sphere that does not deviate from the ideal sphere of more
than 0.2% of the inner diameter. The inner wall of the ball is coated with ideal diffuse reflection material, i.e., a
material with a diffuse reflection coeflicient close to one. Due to the “integration” effect of the diffuse reflection
coating on the inner wall of the integrating sphere, in theory, uniform Lambert illumination is obtained at any
position on the light outlet plane of the integrating sphere, and the number of lights can adjust the brightness
level, and the color temperature is unchanged. Thus, spurred by the advantages of multi-integral spherical
focusing technology, this paper designs an integrated spherical diffuse reflection light source that integrates the
primary encapsulation and secondary optical design of LED light source, simplifies the light source structure,
and improves luminous efficiency.

The primary encapsulation of the device adopts high directivity LED encapsulation technology, utilizes
pointed epoxy encapsulation, and does not involve a scattering agent. Additionally, the half value angle is 5°-20°,
affording the light to converge. Simultaneously, the space between the chip and the lens is filled with silica gel
to encapsulate and fix the electrode and lead. As illustrated in Fig. 1, the secondary optical design transforms
the lens into a multi-sphere area ball by combining the LED chip with the base and the multi-sphere encapsu-
lated lens. The LED chip is a surface light source with a front surface of 1 x 1 mm, and the distribution angle of
the light field is 180°, dividing the light field distributed by the LED nearly 180° into two parts: the small angle
divergent light cone in the center and the large angle light at the edge. In order to ensure that both kinds of light
improve the light collection efficiency based on the light’s uniform transition at the junction, both lights must
be converted into a nearly collimated light through different optical paths in the lens. Therefore, first, the loss
and refractive indexes are calculated using the principle of engineering approximation, where the surface shape
is determined by weighting the two edge rays of the LED surface light source, and the light passes through the
geometric lens center. Then, to balance the optical parameters such as light extraction efficiency and divergence
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Figure 2. General technical route of the "one-click device for rapid visualization and extraction of latent
evidence at the scene".

angle, three-dimensional simulation modeling, light tracing, continuous adjustment, and repeated optimizations
are performed by changing the arrangement and combination of the multi-spherical LED encapsulation lenses.
This strategy affords to find the most effective near collimated illumination beam and realize the illumination
output with an extensive dynamic range and stable color temperature.

Design of the proposed device

The overall objective of this study is to develop a “one-click device for rapid visualization and extraction of latent
evidence at the scene” of TRL 6. Precisely, the device visualizes and extracts latent evidence at a crime scene with
one click, i.e., photographs of the physical evidence are acquired with multispectral and multi-angle lights using a
one-click process, whose geometric registration, feature extraction, feature optimization, and feature fusion, are
completed in the background before the resultant image is displayed. The technical design route of the “one-click
device for rapid visualization and extraction of latent evidence at the scene” is illustrated in Fig. 2. According to
this study’s overall goal, the developed device meets the requirements of lossless display of potential traces at the
scene by utilizing the following optical methods to fulfill this goal. First, we study the multi-model light source
integration and light-guiding technology, the imaging device’s sensitization technology, and the image feature
optimization algorithm. Subsequently, the proposed device’s overall structural design and system integration
are carried out based on the study’s outcomes. Following this stage, the prototype trial manufacturing, tests, and
improvements, as well as applied research and product design, are performed.

The device’s hardware mainly comprises a light source, imaging, and control system. Regarding the control
system, a tablet computer type is embedded, utilizing integrated CPU and GPU, which typically have a medium-
level configuration such as Qualcomm snapdragon 870 and 8 GB of memory.

Figure 3 depicts that the device’s algorithm must complete the geometric registration, feature extraction,
feature optimization, and feature fusion of the physical evidence image set. Specifically, first, the Undecimated
Morphological Haar Wavelet Transform (UMHWT) is applied to the source images I1 and I2 to obtain the
low-frequency coefficients, i.e., decomposition coefficients on the total scale ] (the decomposition layers of
UMHWT) and the high-frequency coefficients, scale function coefficients on each scale J (0<J<J). The low-
frequency and the high-frequency coefficients are fused according to the corresponding fusion rules (low and
high, respectively), then both frequency fusion coeflicients undergo a consistency verification process, which is
finally updated utilizing the detection results. The final low-frequency and high-frequency fusion coefficients
are inversed using the inverse UMHWT (IUMHWT) to obtain the final image fusion (IF).

Figure 4 illustrates the functional design of the device’s “one-click” control system. The one-click control panel
utilizes a high-definition LCD touch screen with a high-definition display and an intelligent one-button opera-
tion function. The control system is the core of the intelligent one-key operation. The optical, mechanical, and
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Figure 3. Flow chart of background image processing steps.
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Figure 4. Functional design of the one-click control system.

electrical control programs, image registration, feature optimization, and image fusion algorithms are embedded
in the control system’s chip, which is responsible for the automatic control mode switching (the system involves
two optical schemes of reflection and fluorescence), automatically switches the light source, and performs auto-
matic filtering and imaging.

Figure 5 depicts the overall equipment design, with the related system components presented in Fig. 6.
Figures 7 and 8 illustrate the device’s configuration and physical diagram. According to the test report of the
Shanghai Institute of quality inspection and technical research, the entire device, including a battery weight of

4.3 kg, comprises six parts and has the following operations:
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Figure 5. The overall design of the equipment.

Figure 6. Physical diagram of components.

1. Camera control. This includes two functions: turning on and off the camera. The operator clicks the button
to turn the camera on, and the camera will start outputting images. The operator clicks the button to turn
the camera off, and the camera stops outputting images.

2. Camera resolution. Selecting the 1024b indicates that 2 x 2 pixels are combined to produce a map of a
1024 x 1024 pixels resolution. 1024c indicates the window’s center that can be used for drawing, where the
image resolution is 1024 x 1024 pixels. Finally, selecting 2048, the operator can plot on the image of resolu-
tion 2048 x 2048 pixels.

3. Camera control involves autofocus and automatically or manually acquiring the photograph. In the autofo-
cus mode, the instrument calibrates different wavelengths and filters. If this option is selected, the camera
is automatically adjusted to the calibrated focus position during data acquisition, i.e., automatic or manual
photography, while the previous user-defined focusing operation is discarded. When the automatic photo-
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Figure 7. The configuration diagram of the equipment.

Figure 8. Physical diagram of the equipment.

graph acquisition (one click acquisition) is selected, the parameter setting box appears on the screen. Then,
by simply clicking the “acquisition” button, the system automatically acquires the pictures after combining
14 light sources with different wavelengths and three filters (14 x 3 =42 images in total). The user can select
the filter and light source of interest during automatic photographing through the drop-down list. Finally,
when manual photographing is selected, the parameter setting box appears on the screen. According to the
characteristics of the tested material and the operation tips, the user manually selects the filter and light
source and observes the effect of parameter combination in the “real-time image display area”. When the
effect is the best, the operator clicks the “acquisition” button, and the system will collect the image data under
the parameter setting.

4. Image fusion. This function is used to fuse multiple images through the built-in algorithm. The user clicks
the “image fusion” option, and the screen presents the images. Then, the user selects the pictures to be fused
(more than two), clicks the “image fusion” button on the interface, and the system automatically fuses the
selected pictures. After the operation is completed, the “processed” picture will appear on the screen.

5. Filter switching is used to select the filter applied. The operator clicks the “filter switch button to open or
close the filter switch menu, providing the following options. Empty filter, where the device does not use
any filter, 550 filter, to switch to the 550 nm filter environment, and 580 filter, to switch to the 580 nm filter
environment.

6. Light source switching. This option selects the light source. The user clicks the “light source switching” button
to open or close the light source switching menu, where the operator can select the light source angle 45°, 18°,
and direct (80°), and the light source band, i.e., 254 nm, 365 nm, 445 nm, 485 nm, 520 nm, 580 nm, 620 nm,

Scientific Reports |

(2022) 12:16966 | https://doi.org/10.1038/s41598-022-21136-0 nature portfolio



www.nature.com/scientificreports/

UV Ultraviolett Radiation VIS: Visible Radiation; Light IR: Infrared Radiation

£ el E e E E £
Qg |8 | =8 @ 2 <3 S (8] £
53 |%| 3% B B 2 3 o o7 g ¢
(=3 lo | 2w T ? & & £ = o+ e EE
2 2 & |a 2 $ 3 3 E 3 g £E 3
‘e = &2 o o % % o5 @ @ S &

0 o

= ot

Figure 9. Spectral characteristics of the device’s light source™.

750 nm, 850 nm, and 940 nm. The light source band spreads from the Ultraviolet sub-band C (UV-C) up to
the near-infrared (NIR or IR-A), as illustrated in Fig. 9, while 254-940 nm is the band range used to acquire
the images, and the marking wavelength is the center wavelength of the optional filter (the bandwidth is
30 nm) during imaging.

Given the device’s operations mentioned above, using it is trivial. The operator has to press the one-click
control panel to start the control system, and the device starts to operate from the reflection mode. Initially, the
system employs the light distribution angle 1 and uses the six light source modules in the light distribution angle
1 to intelligently acquire the photograph. When the sixth light source module in the light distribution angle 3
activates, three image groups containing six images per group, so 18 in total, are formed, as illustrated in Fig. 10.
Then, the control system automatically switches to the fluorescence mode equipped with six groups of filters.
Hence, the control system automatically switches to the fluorescence mode equipped with six groups of filters
and performs intelligent shooting in sequence, starting from (filter 1—light distribution angle 1—light source
module 1) until (filter 6—light distribution angle 3—light source module 6), forming six groups of images (18
images per group, thus 96 images in total). The images are stored in the device’s storage module together with
the images acquired in the previous reflection mode. Ultimately, a set of physical evidence images is formed (114
images in total). Once the system completes imaging (filter 6—light distribution angle 3—light source module
6), the control system starts the image processing module that automatically performs feature extraction and
registration, and image optimization and fusion in the entire physical evidence image set. The processing utilizes
the preset algorithm to finally form the resulting image displayed on the high-definition LCD touch screen of
the one-click control panel. Figure 11 depicts the resulting image of the acquired images of Fig. 9. According
to the test report of the Shanghai Institute of quality inspection and technical research, the time to generate the
final image is less than 60 s, while the field tests by three industry experts require 38 s.

The evaluation and the experimental setup were based on field trials (TRL 6) conducted by an independent
third party during real crime scene evidence collection. We intentionally adopted such an evaluation strategy to
challenge our device in an uncontrolled and unknown environment under real crime scene evidence collection
conditions. Although the operator was untrained, our easy-to-use one-click device achieved evidence collection
(fingerprints in our case) exceptionally well (see Fig. 11). Nevertheless, given the opportunity for real field testing,
our evaluation was constrained to a qualitative evaluation by visually inspecting the output image. Although a
quantitative evaluation would be highly appealing, the uncontrolled field-testing scenario based on a real crime
scene evidence collection and the confidentiality of the evidence did not allow us to perform such an evaluation.

It should be noted that this paper presents a ready-to-use one-click device where the hardware and software
components are tightly coupled and fine-tuned, e.g., software, sensor, and local lighting conditions (at the sen-
sor level). Therefore, simply substituting the visual sensor with an infrared or a High Dynamic Range (HDR)
is another device requiring various modifications and in-depth setups (software and hardware). Therefore, we
adopt the experimental strategy of related works on crime scene devices'®!? and introduce only the originally
designed device rather than expanding on other alternative variations.

Conclusion

Although considerable progress has been achieved in forensic scene optical imaging, the large variety of optical
imaging methods and complicated operation procedures significantly affects the quality of the collected evidence
due to the personnel’s skills. Consequently, by studying the optical properties of biological evidence and its
carriers, learning the mechanism and technology of various light source bands to display biological evidence,
and integrating multiple light sources and image processing techniques, this project studies multi-mode light
source integration and light-guiding technologies. Moreover, by exploiting this knowledge, this paper develops
a “one-click device for rapid visualization and extraction of latent evidence at the scene”, solving the problem of
rapid search and discovery of potential biological evidence. Through the proposed one-click device, our system
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Figure 11. The resultant image from the case of Fig. 10.

acquires photographs with multispectral and multi-angle lights as physical evidence, whose geometric registra-
tion, feature extraction, optimization, and fusion are completed in the background before the resultant image is
displayed. The device ensures high-standard, high-efficiency, and high-quality scene forensics, improves evidence
extraction’s scientific and technological contents, and simplifies the forensics procedures. Furthermore, using
such a one-click system rapidly visualizes and extracts the potential traces at the scene while avoiding complicated
operation procedures, eliminating the effect of different personnel’s technical skills on the quality of the collected
evidence, and meeting the requirement for rapid disposal of crime scene evidence.
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In summary, the “one-click device developed for rapid visualization and extraction of latent evidence at the
scene” meets the current design requirements and is easy to carry, which is conducive to improving the discovery
and extraction rate of on-site inspection for potential traces. At the same time, the device reduces the probabil-
ity of losing a trace of the physical evidence due to the personnel’s experience, improves the ability of physical
evidence extraction, and provides technical support for investigation and case solving. Spurred by the field-test
trial results, the project has certain market competitiveness, promotion, and application prospects.

Data availability
The datasets used and/or analysed during the current study available from the corresponding author on reason-
able request.

Received: 21 May 2022; Accepted: 22 September 2022
Published online: 10 October 2022

References

1. Kleypas, D. A. & Gossman, W. Evidence Collection (StatPearls Publishing, 2017).

2. Kleypas, D. A. & Badiye, A. Evidence Collection (StatPearls Publishing, 2021).

3. Ekka, M. M, Arya, L. & Patel, B. C. A systematic evaluation of ‘Bidi—a hand-rolled cigarette’ as a forensic DNA evidence. Forensic
Sci. Int. 324, 110821 (2021).

4. Reid, M. M. A CSI story: The past, present, and future of crime scene collection and what litigators need to know. Soc. Sci. Electron.
Publ. 8, 409 (2018).

5. Hess, S. & Haas, C. Recovery of trace DNA on clothing: A comparison of mini-tape lifting and three other forensic evidence col-
lection techniques. J. Forensic Sci. 62, 187-191 (2017).

6. Schwartz, T. R., Rothenberg, D. S. & Clark, B. L. Trace evidence recognition, collection, and preservation. Handb. Trace Evid. Anal.
1-31 (2020).

7. Wei, C., Wang, J., He, X. & Gu, Y. A fast and non-destructive approach to identify the heavy mineral oil trace evidence based on
spectral fusion treatment and chemometrics. Microchem. J. 163, 105924 (2021).

8. Morrison, J., Watts, G., Hobbs, G. & Dawnay, N. Field-based detection of biological samples for forensic analysis: Established
techniques, novel tools, and future innovations. Forensic Sci. Int. 285, 147-160 (2018).

9. Xu, X,, Du, C.,, Ma, E, Shen, Y. & Zhou, J. Forensic soil analysis using laser-induced breakdown spectroscopy (LIBS) and Fourier
transform infrared total attenuated reflectance spectroscopy (FTIR-ATR): Principles and case studies. Forensic Sci. Int. 310, 110222
(2020).

10. Jing-Wei, L. I. Research on strengthening evidence collection by criminal technique. J. Shanxi Police Coll. (2018).

11. Zhi-Hong, M. A. On major problems and strategies of evidence collection in China’s investigation procedure. J. Guizhou Police
Off. Vocat. Coll. (2018).

12. Deng, M., Shi, E, Sun, G., Xue, S. & Tie, G. Analysis of influence factors of surface defects detection on optical components, in
AOPC 2020: Optical Sensing and Imaging Technology, Vol. 11567, 18-29 (2020).

13. Liu, S, Liu, Z., Wang, S. & Qiu, X. Research on influencing factors of detection accuracy based on laser seeker. J. Phys. Conf. Ser.
1087, 52039 (2018).

14. Xue-jun, Z. et al. Development of a wide range hyperspectral imager for evidence examination. Spectrosc. Spectr. Anal. 40, 674-678
(2020).

15. Virkler, K. & Lednev, I. K. Analysis of body fluids for forensic purposes: from laboratory testing to non-destructive rapid confirma-
tory identification at a crime scene. Forensic Sci. Int. 188, 1-17 (2009).

16. Yamada, M., Yamamoto, Y., Fukunaga, T., Tatsuno, Y. & Nishi, K. Detection of DNA polymorphisms by using « satellite probes:
Application to the forensic identification, in Advances in Forensic Haemogenetics 249-251 (Springer, 1992).

17. Mennell, J. & Shaw, I. The future of forensic and crime scene science: Part I. A UK forensic science user and provider perspective.
Forensic Sci. Int. 157, S7-S12 (2006).

18. Dona-Fernandez, A. et al. Real-time detection of GSR particles from crime scene: A comparative study of SEM/EDX and portable
LIBS system. Forensic Sci. Int. 292, 167-175 (2018).

19. Ortega-Ojeda, E. E., Torre-Roldén, M. & Garcia-Ruiz, C. Short wave infrared chemical imaging as future tool for analysing gunshot
residues patterns in targets. Talanta 167, 227-235 (2017).

20. NASA. Technological Readiness Levels. https://www.nasa.gov/directorates/heo/scan/engineering/technology/technology_readi
ness_level.

21. Tang, Y., Srihari, S. N., Kasiviswanathan, H. & Corso, J. J. Footwear print retrieval system for real crime scene marks, in International
Workshop on Computational Forensics 88-100 (2010).

22. Marcin, A., Maciej, S., Robert, S. & Adam, W. Hierarchical, three-dimensional measurement system for crime scene scanning. J.
Forensic Sci. 62, 889-899 (2017).

23. Win, K. N,, Li, K., Chen, J., Viger, P. FE & Li, K. Fingerprint classification and identification algorithms for criminal investigation:
A survey. Futur. Gener. Comput. Syst. 110, 758-771 (2020).

24. Shah, S. & Sastry, P. S. Fingerprint classification using a feedback-based line detector. IEEE Trans. Syst. Man Cybern. B 34, 85-94
(2004).

25. Wang, R., Han, C., Wu, Y. & Guo, T. Fingerprint classification based on depth neural network (2014).

26. Lynn, H. M., Pan, S. B. & Kim, P. A deep bidirectional GRU network model for biometric electrocardiogram classification based
on recurrent neural networks. IEEE Access 7, 145395-145405 (2019).

27. Pandya, B. et al. Fingerprint classification using a deep convolutional neural network, in 2018 4th International Conference on
Information Management (ICIM) 86-91 (IEEE, 2018). https://doi.org/10.1109/INFOMAN.2018.8392815.

28. Cao, X, Jia, J. & Gong, N. Z. IPGuard: Protecting intellectual property of deep neural networks via fingerprinting the classifica-
tion boundary, in Proceedings of the 2021 ACM Asia Conference on Computer and Communications Security 14-25 (ACM, 2021).
https://doi.org/10.1145/3433210.3437526.

29. Chaari, N., Gharsallaoui, M. A., Akdag, H. C. & Rekik, I. Multigraph classification using learnable integration network with
application to gender fingerprinting. Neural Netw. 151, 250-263 (2022).

30. Tarjoman, M. & Zarei, S. Automatic fingerprint classification using graph theory. Proc. World Acad. Sci. Eng. Technol. 30, 831-835
(2008).

31. Nain, N,, Bhadviya, B., Gautam, B., Kumar, D. & Deepak, B. M. A fast fingerprint classification algorithm by tracing ridge-flow
patterns, in 2008 IEEE International Conference on Signal Image Technology and Internet Based Systems 235-238 (IEEE, 2008).
https://doi.org/10.1109/SITIS.2008.101.

Scientific Reports |

(2022) 12:16966 | https://doi.org/10.1038/s41598-022-21136-0 nature portfolio


https://www.nasa.gov/directorates/heo/scan/engineering/technology/technology_readiness_level
https://www.nasa.gov/directorates/heo/scan/engineering/technology/technology_readiness_level
https://doi.org/10.1109/INFOMAN.2018.8392815
https://doi.org/10.1145/3433210.3437526
https://doi.org/10.1109/SITIS.2008.101

www.nature.com/scientificreports/

32. Cho, B.-H,, Kim, J.-S., Bae, J.-H., Bae, L.-G. & Yoo, K.-Y. Fingerprint image classification by core analysis, in WCC 2000—ICSP
2000. 2000 5th International Conference on Signal Processing Proceedings. 16th World Computer Congress 2000, Vol. 3, 1534-1537
(IEEE).

33. Ahmad, F & Mohamad, D. A review on fingerprint classification techniques, in 2009 International Conference on Computer Tech-
nology and Development 411-415 (IEEE, 2009). https://doi.org/10.1109/ICCTD.2009.240.

34. The wavelength range of optical radiation. https://light-measurement.com/wavelength-range/.

Acknowledgements
This research was sponsored by the National Key R&D Program of China (Grant No. 2017YFC0803806).

Author contributions
N.C. & W.L. are both corresponding authors, making the same contribution. All authors reviewed the manuscript.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to N.C. or W.L.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2022

Scientific Reports |

(2022) 12:16966 | https://doi.org/10.1038/s41598-022-21136-0 nature portfolio


https://doi.org/10.1109/ICCTD.2009.240
https://light-measurement.com/wavelength-range/
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	One-click device for rapid visualization and extraction of latent evidence through multi-moding light source integration and light-guiding technology
	Literature review
	Study on multi-mode light source integration and light-guiding technology
	Design of the proposed device
	Conclusion
	References
	Acknowledgements


