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Abstract

Critically ill patients who are unable to care for themselves often require the intravenous administration of medication
and nutrients for treatment and survival. Additionally, blood sampling from veins is a common medical procedure
employed for health screening or blood donation. Currently, commercially available vein imaging devices designed to
facilitate the identification of needle insertion sites are prohibitively expensive. Therefore, this research focuses on
designing and developing a low-cost, real-time vein imaging device utilizing near-infrared (NIR) technology.

This research was conducted under the innovation development framework by Veena Jirapathet (2009), which
consists of the following steps: (1) analyzing the inadequacy of equipment for teaching and learning; (2) assessing
the needs for supporting materials in the Public Health program (Basic Health Assessment and Treatment course
group); (3) establishing collaboration and a working team involving faculty members and students; (4) determining
development issues to enhance the device’s efficiency; (5) systematically reviewing related literature on designing and
building vein imaging devices; (6) synthesizing knowledge from high-quality literature; (7) designing and developing
the device; (8) planning evaluation methods; (9) establishing usage guidelines; (10) trialing the device with volunteers;
(11) evaluating the device’s usability; (12) documenting performance with relevant references used in the design and
construction; and (13) disseminating the device for practical application.

The sample consisted of 10 male and female students and personnel aged 19-59 years from Chaiyaphum
Rajabhat University. The sample size was determined using the G*Power 3.1.9.7 program, with a statistical power of
0.80, a significance level of 0.05, and an effect size of 0.90. Participants were selected using purposive sampling. The
research instruments included a data recording form and the vein imaging device. The content validity of the data
recording form yielded an ltem-Objective Congruence (IOC) index ranging from 0.87 to 1.00. Data were analyzed
using descriptive statistics, including frequency, percentage, mean, and standard deviation.

The study successfully developed a vein imaging device capable of capturing clear images of subcutaneous
veins under normal ambient lighting. The device’s specifications are as follows: (1) an image capture area ranging
from 6 x 6 cm to 6 x 10 cm; (2) an effective operating distance from the skin to the camera of approximately 14-34
cm; and (3) an image resolution of 800 x 480 pixels.

Future research should further investigate the device’s efficacy and accuracy in training venipuncture and

intravenous administration skills for health science students and medical professionals.

Keywords: Vein imaging device, near-infrared, image processing, innovation, venipuncture
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Figure 3 Assembly of Equipment.
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(A) Accurately measure the image area within

nearest range

(B) Measure the image area at the maximum range

(C) Determining the distance from the camera to both

the nearest and farthest points of the skin

(D) Evaluation of device features through
photography under standard lighting conditions
Figure 4 Testing for characterization of vein imaging

devices

Image: size Clear photo area

B00 % 480 piel Ex6toéx 10 om,

Figure 5 Diagram illustrating the operational principle of

the device
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Table 1 Characteristics of the participants (n=10)

ID Gender Age BMI Interpretation
(years)

1 Female 23 18.28 Underweight
2 Male 28 17.35 Underweight
3 Female 32 18.35 Underweight
4 Male 42 23.88 Normal

5 Female 45 30.85 Obese

6 Male 46 30.07 Obese

7 Female 47 19.48 Normal

8 Female 54 24.76 Overweight
9 Male 56 20.01 Normal
10 Female 58 24.24 Overweight
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Table 2 Photographs of the participants (n=10)

529

Subject ID / Figure

Subject1_Palm

Subject2_Palm

Subject3_Palm

I

Subject4_Palm

I

Subject5_Palm

Subject6_Palm

Subject7_Palm

Subject8_ Palm

Subject9_Palm

Subject10_Palm

E

Subject1_Arm

Subject2_Arm

Subject3_Arm

Subjectd_Arm

Subject 5_Arm

Subject6_Arm

Subject7_Arm

Subject8_Arm

Subject9_Arm

A

Subject10_Arm




530

Q”%%’yﬂ%'wm@mwlﬁﬁﬂum@Lﬁwﬁwﬁwa LCD
lasmuualdmwiuua 800x480 pixel Mwua frame rate
# 60 TAUAA brightness WwafnumMItnuNW®aee
L8N SNMAUAFN brightness INALARLY A TWAzEIN9aN
laAunaeaiione1d1n1nua brightness wasLinly
AMwdonaaatdanatazia GenuIeninualien
brightness = 39 BsflinanuainamnzaNUNSENsAW
¥nm3U5uen contrast = 42 {udndfiviliAunaanidon
@fﬂﬁﬁmﬁfﬁmwﬁq@lumﬁﬁ' basait

andseana
wamsﬁnwﬁ%’wu’hqﬂnstﬁﬁuuuuﬁswmﬂs:mm
6,000-7,000 U ﬁ@ummﬂqﬂnsni 7 718m3 @A Board
Raspberry Pi 4, Raspberry Pi Camera Module 2 NolR,
Infrared LED Board, LCD Display, Raspberry Pi Camera
Cable, Adapter 12 V 1A uazlawlW uwnasnifiausadu
Siaaunsanaulndanusnnan 850 wilwwas lagls
NITALRIULLREY D%
mMyisunssilenssauasuuuazrau w3
mi"aa%’umwﬁ”uLma'aﬁ'lLﬁ@LLmlu@‘hLmuaﬁlﬂﬁTﬁmmzag;
@Tfmuumaﬁmqﬁﬁadmsmymw MAAREaLEaATNRINIS
Auiinlddesinvasussfigzrionaniinnslasass
(Specular reflection) wazdndunitaduuss NIR ‘ﬁlﬂzq
HUAIAILEINTZLIIUEY (Backscattered light) lanTw
waaaLRaaldianill seanaaIRLMIANEN3SERALLTES
MU ENITAURITIANNZENALMITN NN R ALEeA
M ldfAIntuaazusiim 1T% uSimile (Kumar &
Prathyusha, 2009; Wang et al., 2014; Jung et al., 2015;
Crisan et al., 2010) UIIIMEIBUa UL (Wang et al.,
2013; Zharov et al., 2004) U311 (Rao et al., 2017)
munaaadaadldidmisiouiinlalszneudougs 2
§I% FIULINADRIUYBILEIREY BUINNAINII LA AT
(Specular reflection) wasdndunitaduuss NIR ‘ﬁlﬂzq
N T ludnitanaanszidsusanauaanin (Backscattered
light) wsanvhldldninnasaidealdfintgsla do
Backscattered light M39ausLUDRsauiimIdagunanl
fielssansuazszainlumItamn uamurasaLaan
@iﬂﬁﬁmﬁfaﬁﬂuﬁn"ﬁagﬁﬂ 3-5 IadALUAT (Zharov et al.,
2004) fuagﬁwmmaamamﬁa@ \{la991nuss Specular
reflection ITNNTUMUMNWRABALEEA 1T LiloAuLTY
ward NIR gﬁmmﬁmqmuﬁmﬁfaa:mqmvl,ﬂvl,ﬁﬁﬂ%uﬁa
mminmﬂmwmamﬁa@ﬁagﬁn"fﬂﬁ f9usii1n1saa

Karuna Chuntum, Samart Sinton and Nuttanicha Muangmool

J Sci Technol MSU

WRILUURE AR NLEwRaa a1 1a LA NN we
= va L dl U = 1 o e
ANVROALRDALARIRIN LARLN g INasan131i0 b1
Uselowid wu SzeNYARAENAaALRaANWaIle (Wang
etal., 2014) NMINAADMINIIATWANE LT% MTWNILTY
Wztdea Asundduive biinaeluldn (Kaddoum
etal., 2012) M3ldiaiasivasnuvaaaiian (Miyake etal.,
2006) MTBaslsalEuwAaad lUsfian (Rao et al., 2017)
€ 1 A o Aa a .&' v ada
pUnInldnamwraaaliaam AWM Iue 18353
lF5388uNTNIAnRWING ﬁmimﬁwuwag}ﬁﬂuﬁaa
AR LANLINTIANADUT 1IN mﬂ%@mﬁmmajumn
Vl,&ia:mﬂluﬂ'mﬂﬁauﬁwUqﬂﬂm‘f NNTOBNLULLAZLHLN
o o Ad o o ' &
msmmu’[ﬁmﬂ‘[ﬂamﬂuauﬁaawa@aﬁmmauqﬂmm
(Ahmed et al., 2017) Lﬁmﬂ%'smLﬁﬂU@@L@i%-g@@Tﬂﬂﬂ”ﬂ
qﬂﬂmin"}UmwvsaémLﬁamﬁ’wﬁaaﬂLmULLa:W@umlumi
=2 & X , A A 9 & o
AnwnaTdh ﬁm"luLLwaLaJammmuqﬂmmmnmﬂ‘lmamm@
FIWAINTALIRVAININABITNI TN w60 1Y a1
293 lUsuNTUN T Do U9 tazlLduuaInIlTuaas
= o & A o
um‘mmnqﬂmtﬂuwuwmm:amﬂummu LASIZRIN
a di v 6 % v a o A’ ai 1
iimaafeuisgunsol Q’memawmim%u@wuﬂmy
mwslﬁmmmumuwamsmaauqmé’nwm:qﬂmtﬁmU
= o dl Vo U =3 a 0“4/ dq’ =
MWRRBALREAGT NLARNWRA LIAINNIANBIIILATIH Aa
& 4 A oA o A 4 A
1) wmmmmmw*nmle,ﬂ”l,naﬂq@mwumm@mwwmm
Vlmwl,naﬁq@ 6 X 6 LTUALNAT 114 6 X 10 LTUALNAT 2) TzB
IINAIAIDINRDIUTZN D 14 LTUALUAT D19 34 LTUALNAT
3) M leaduua 800 x 480 pixel
Lﬁatﬁﬁ'ﬂmqﬂﬂm‘fmﬂ@aaumUmwﬁ'umju
089 WD 1A ld M WNTALIUN IR UAR AL AR TALI
v = o 1 v =% o g dl >
Ga3insUsuAMIaEsiauLEIVaI RN UL wazUTU
PUAMWIATVWIALYINAURIN8 LCD fN%ue frame rate
i 60 MAUAAT brightness AWBANLMTENLATNARDA
\Haadn tMruaen brightness snnuinldawazaing
WwlNAunaaaliaadn tiwuae brightness Hasiin b
ANTIURAOALADATIILNA AIBWIIMRUALAA
. 4 A . . ,
brightness = 39 TINAIANNFINILANZENNLNTENLATN
= Ao v & A ° va o o '
Wue Ny A nraaatfoad ldRIRITALIN 88191
% ' J T = U 4 U
ﬁmummmLaumaamwmwuagﬂuﬂmUmuﬁumﬂ
LT Qmauﬁﬁm 29l AR TUAIATINTANNLAN G
2gIFRAILATANNANVBINRALADA LA (Kimori et al.,
1 a wn 1 Aa v
2015) udlumet JuanuiFdwasaulduszanumves
fuvlmu”ulﬁﬁa%ﬁfuLﬂuqﬂaﬁﬂ@iam‘suauﬁuimm%a
naaaliand a1k (Jacobson & Winslow, 2005; Nafiu
etal., 2010; Kaddoum et al., 2012) tilaWansan laTdasd



Vol 45. No 4, July-August 2026

ﬁmﬁwk&wﬁ AWIUTTNN 3 VARLNGAT TURIzULFTULRDA
WRUTEan waznaaainaes aandsznauvadiiactad
nasian1TAan W Aatuaiin Flulnatn luswuazii
(Bashkatov et al., 2005) TWITLNHIUNIANBILAZIAF
mi@@ﬂﬁmmwauﬁalﬁa wuInuauazdlulnain
. - P ¥ .
ﬁmmsg@ﬂﬁmmda@mLﬁamwmaﬂﬁugwu AIIILE
dld dl = ' 0‘: L v '
YINﬂ’J’]JJUW’JﬂauEﬂ\‘]NIE]ﬂWﬁ‘Y]:f%N’]WHu%uJLLY]U,L@] LA L&
A A X a, A Y a X
ANMNENIAAUNFITUTAINTQANAUUFIVDIR NN
(Denstedt et al., 2014) IMNAUFVLANIUFIVDILUBLHD
AWILRIANNEIARYL NIR mmmmqmuﬁmﬁfd WA
iatfiald@nituas Visible light (380-780 wluiuas)
LNTIZLUAN T LLa:‘?}IuIﬂaﬁuﬁmi@ﬂﬂﬁmmaf’ﬁaa NIR ¢
1 uanmnﬁﬂ'&ﬁmmwmmﬂ@hwadmig@ﬂﬁuum
S:mhaLﬁa@ﬁ'mﬁal,ﬁai@maugaﬂdﬂ Visible light #9Ha 1%
fi1 Contrast UaJuwgdlus2d NIR §4nn IV SRR
AMNYIIAARNLANNZEN NN TEEAN E]EJ;ELWH"N 700-
¥ § U 1 z Qs
1000 WL HLUAT HANIINHAINWA LFNUEITII NIR DwnU
#H1789YAAa HBUNTIANNENIARULEITI Visible light
”agaqmawﬂ'ﬁmaLLa\ﬁmdwLﬁmﬁaﬂﬁmﬁmﬁahmau
dld L aa 1 - v & 1 d‘ U U =
NAszauARdInuLaas AR wAT Y lduaIana
g IR nFuLRaaNTanINAwAIREIN (Cuper et al.,
2013)
iaﬁwn”mslumﬂ‘*ﬁmmadqﬂnitﬁﬁmmwma(ﬂ
LRAAETINMUIININNITDH Ap TUANIZERITUNITURA
MWWaIRIRurIaTnENIINTUNng wazluadslalng
A A A {aid ] =3 o‘a‘l’
iwnsnsdaniegunsniniimanszanssnuuiinan gunsalit
Tdarursnldasiadnaaslsanianiszniinisuwng
1 U dq‘ 6 @ 1 o 0/ U
@9 9 la wanani qﬂﬂsmmvlummmummumﬂm
AT A A A o
NulunlfansauS N ILRILAA lagasd NI lWua
qﬂn5tﬁmmmﬁan1ﬂﬁﬁaLLUU"I,V\I“I?JW AC LRZLUALADT
TapaalW AC ﬁ‘t%ﬁaaﬁqmauﬁ'ﬁmm:auﬁuqﬂﬂiﬂiﬁ"l,@i’

FUNNTERNLULLAZ N

dyiluaninaaag
mIsanuuuuazNawgUnIniinsnwraaaiian
G105a 3UAINMIINUNIWITIBNITULRE ANBIAINL
Li:;lu"l,ﬂvlé‘l,umsaEmLmumnqﬂmtﬁﬁﬁmimaﬁmﬂmlu
940810 LAz IToyauI00NLULUATHAIUIAE
NTEUIRNNTITUURZAAUITINAUAILIENITBLLWIAANT
WanwianIinsed Jan Iszuwnd (2552) ldgunantdny
mwwaaatdaasiaansoaenwlaluusnd

Preliminary study on designing and developing a low-cost, real-time vein

531

visualization device utilizing near-infrared technology

ualumy3oadsiilislisiumsanenys=ansua
maaqﬂﬂmi’jw:ﬁmmLL&iuﬂﬂumiﬂﬂﬁnmmsmzLﬁam
wazlianTrimIraaalfaasuAlN AN UINEMERS
§UNW LLafzqﬂa'\ﬂsmaﬂ'mLWﬂﬂﬁaﬂwaﬁﬂizﬁw%mw
wiold Muisanudulyldvasnsihadnsallylfomu f
Lm"jwqﬂﬂsniazﬁmmﬂﬁmmsna@%ﬂﬁd']U LEaNAWLTD
F1fiavasnsldudwivyaainsilidormydimn
walulad winfinmshadnsatluldnuaisdasiinuusi
mﬂ%mmﬁaaﬁmmgﬂﬁmmauﬁaqﬂmiﬂﬁmaLﬁm‘ﬁu
nmslFan Snie wamsﬁﬂma%\aﬁuanmnaﬂﬁqﬂmfﬁ
thUmwma@Lﬁaﬂ@i"nmuL%ﬂavlwﬁﬁunu@i’ﬁﬁawwﬁnmﬂ
mnwaeataanle fedludesasanfiliunafinly
aunsnim ldludszine duaaunsUsznauuaznagoy
Qmawﬁammqﬂmtﬁmmsnﬁﬂﬁﬁ'smmaa

otglsfiany enadasdnwuAndnluEeses
Tsunsufldlumsusasnaruaanwiiessananann
TWHanudaawdinds suraisans3oufiouiy
qﬂﬂsniﬁNam’m@mﬂszmmm:maﬁmmUluﬁamm@
Tuilagiiu ﬁof‘tﬁaﬂammsntﬁﬂﬂﬂs:uﬁmﬂ%m:ﬁwm
aUnsallidfianumanzaniumsldnuled

YDLANDUWE

idunuiymussdoinialumIaivgunsalng
WHRaALRaAANRAE qﬂnsniﬁaaﬂmem:ﬁ@ummmsn
dhanmnaeaiiaaanlaniweanyiduding aunaifie
mndursisanadliin 33mautledaymaarldnind
doldiiunging laolamasluldalwnwaroilaiin
grayscale Usznaufunssaziaswdnndasvinlinndang
VI,@TfJa;mﬁLmu Fnudlurildlasyuyausiuaznaasld
I wenedidasns

1aN&139199

o I5zunng. (2552). AIIAHNANIAITNEILIAUASIN
fgwmw. QW’]QGﬂSﬂIN%’ﬁYM'}ﬁﬂ.

Ahmed, K. |., Habaebi, M. H., Islam, M. R., & Zainal, N.
A. B. (2017). Enhanced vision-based vein detection
system. In 2017 IEEE 4th International Conference
on Smart Instrumentation, Measurement and Applica-
tion (ICSIMA) (pp. 1-6). IEEE.

Al-Saadi, S. F., Karimi Moonaghi, H., Al-Fayyadh, S., &
Bakhshi, M. (2021). Vein visualization using near

infrared (NIR) vein finder technology in nursing care:



532

A review of the benefits and shortcomings. Medical
Education Bulletin, 2(2), 213-220.

Bashkatov, A. N., Genina, E. A., Kochubey, V. I, &
Tuchin, V. V. (2005). Optical properties of human
skin, subcutaneous and mucous tissues in the
wavelength range from 400 to 2000 nm. Journal of
Physics D: Applied Physics, 38(15).

Buowari, O. Y. (2013). Complications of venepuncture.
Advances in Bioscience and Biotechnology, 4(1),
126-128.

Chen, L., Huang, D., Chiheb, H., & Amar, C. B. (2011).
Increasing the distinctiveness of hand vein images
by oriented gradient maps. In BIOSIG 201 1-Proceed-
ings of the Biometrics Special Interest Group (pp.
227-234). Gesellschaft fir Informatik eV.

Crisan, S., Tarnovan, |. G., & Crisan, T. E. (2010).
Radiation optimization and image processing
algorithms in the identification of hand vein patterns.
Computer Standards & Interfaces, 32(3), 130-140.

Cuper, N. J., Klaessens, J. H., Jaspers, J. E., de Roode,
R., Noordmans, H. J., de Graaff, J. C., & Verdaasdonk,
R. M. (2013). The use of near-infrared light for safe
and effective visualization of subsurface blood
vessels to facilitate blood withdrawal in children.
Medical Engineering & Physics, 35(4), 433-440.

Denstedt, M., Bjorgan, A, Milanié, M., & Randeberg, L.
L. (2014). Wavelet based feature extraction and
visualization in hyperspectral tissue characterization.
Biomedical Optics Express, 5(12), 4260—-4280.

Giavarina, D., & Lippi, G. (2017). Blood venous sample
collection: Recommendations overview and a checklist
to improve quality. Clinical Biochemistry, 50(10-11),
568-573.

Haff, R. P., Saranwong, S., Thanapase, W., Janhiran, A.,
Kasemsumran, S., & Kawano, S. (2013). Automatic
image analysis and spot classification for detection
of fruit fly infestation in hyperspectral images of
mangoes. Postharvest Biology and Technology, 86,
23-28.

Hotta, T. A. (2016). Understanding the anatomy of the
upper face when providing aesthetic injection treat-

ments. Plastic and Aesthetic Nursing, 36(3), 104—109.

Karuna Chuntum, Samart Sinton and Nuttanicha Muangmool

J Sci Technol MSU

lalongo, C., & Bernardini, S. (2016). Phlebotomy, a bridge
between laboratory and patient. Biochemia Medica,
26(1), 17-33.

Jacobson, A. F., & Winslow, E. H. (2005). Variables
influencing intravenous catheter insertion difficulty
and failure: An analysis of 339 intravenous catheter
insertions. Heart & Lung, 34(5), 345-359.

Jung, Y. J., Gonzalez, J., & Godavarty, A. (2015).
Functional near-infrared imaging reconstruction
based on spatiotemporal features: Venous occlusion
studies. Applied Optics, 54(13), D82-D90.

Juric, S, Flis, V., Debevc, M., Holzinger, A., & Zalik, B.
(2014). Towards a low-cost mobile subcutaneous
vein detection solution using near-infrared spectros-
copy. The Scientific World Journal, 2014(1), 365902.

Kaddoum, R. N., Anghelescu, D. L., Parish, M. E., Wright,
B. B., Trujillo, L., Wu, J., . . . Burgoyne, L. L. (2012).
A randomized controlled trial comparing the AccuVein
AV300 device to standard insertion technique for
intravenous cannulation of anesthetized children.
Pediatric Anesthesia, 22(9), 884—889.

Kimori, K., Sugama, J., Nakatani, T., Nakayama, K.,
Miyati, T., & Sanada, H. (2015). An observational
study comparing the prototype device with the
existing device for the effective visualization of
invisible veins in elderly patients in Japan. SAGE
Open Medicine, 3, 2050312115615365.

Kumar, A., & Prathyusha, K. V. (2009). Personal authen-
tication using hand vein triangulation and knuckle
shape. IEEE Transactions on Image Processing,
18(9), 2127-2136.

Meng, G. C., Shahzad, A., Saad, N. M., Malik, A. S., &
Meriaudeau, F. (2015). Prototype design for wearable
veins localization system using near infrared imaging
technique. In 2015 |IEEE 11th International
Colloquium on Signal Processing & Its Applications
(CSPA) (pp. 112-115). IEEE.

Miyake, R. K., Zeman, H. D., Duarte, F. H., Kikuchi, R.,
Ramacciotti, E., Lovhoiden, G., & Vrancken, C.
(2006). Vein imaging: A new method of near infrared
imaging, where a processed image is projected onto

the skin for the enhancement of vein treatment.



Vol 45. No 4, July-August 2026

Dermatologic Surgery, 32(8), 1031-1038.

Mukai, K., Nakajima, Y., Nakano, T., Okuhira, M.,
Kasashima, A., Hayashi, R., . . . Nakatani, T. (2020).
Safety of venipuncture sites at the cubital fossa as
assessed by ultrasonography. Journal of Patient
Safety, 16(1), 98—105.

Nafiu, O. O., Burke, C., Cowan, A., Tutuo, N., Maclean,
S., & Tremper, K. K. (2010). Comparing peripheral
venous access between obese and normal weight
children. Pediatric Anesthesia, 20(2), 172-176.

Nettar, K., & Maas, C. (2012). Facial filler and neurotoxin
complications. Facial Plastic Surgery, 28(3), 288—293.

Pan, C. T., Francisco, M. D., Yen, C. K., Wang, S. Y., &
Shiue, Y. L. (2019). Vein pattern locating technology
for cannulation: A review of the low-cost vein finder
prototypes utilizing near infrared (NIR) light to
improve peripheral subcutaneous vein selection for
phlebotomy. Sensors, 19(16), 3573.

Park, S. S., & Barmettler, A. (2021). Vision loss secondary
to facial and periorbital steroid injection: A systematic
review. Ophthalmic Plastic & Reconstructive Surgery,
37(6), 511-521.

Qian, H., Ling, Y., Zhang, M., Lenahan, C., Wang, C.,
Zheng, Z., . . . Zhang, J. (2021). Massive cerebral
infarction following facial injection of autologous fat:
A case report and review of the literature. Frontiers
in Human Neuroscience, 15, 610945.

Rao, H., Zhang, P., & Sun, C. (2017). Contrast enhance-
ment for the infrared vein image of leg based on the
optical angular spectrum theory. Signal, Image and
Video Processing, 11, 423—-429.

Shahzad, A., Saad, M. N., Walter, N., Malik, A. S., &
Meriaudeau, F. (2014). Hyperspectral venous image
quality assessment for optimum illumination range
selection based on skin tone characteristics.
Biomedical Engineering Online, 13, 1-13.

Sharp, R., Adams, J., Machiraju, R., Lee, R., & Crane,
R. (2007). Physics-based subsurface visualization of
human tissue. IEEE Transactions on Visualization
and Computer Graphics, 13(3), 620-629.

WaIuS', M., Bernacki, K., & Konopacki, J. (2017). Impact

of NIR wavelength lighting in image acquisition on

Preliminary study on designing and developing a low-cost, real-time vein 533

visualization device utilizing near-infrared technology

finger vein biometric system effectiveness.
Opto-Electronics Review, 25(4), 263-268.

Wang, F., Behrooz, A., Morris, M., & Adibi, A. (2013).
High-contrast subcutaneous vein detection and
localization using multispectral imaging. Journal of
Biomedical Optics, 18(5), 050504.

Wang, J., Nakano, K., & Ohashi, S. (2011). Nondestructive
evaluation of jujube quality by visible and near-infrared
spectroscopy. LWT-Food Science and Technology,
44(4), 1119-1125.

Wang, L., & Leedham, G. (2006). Near-and far-infrared
imaging for vein pattern biometrics. In 2006 IEEE
International Conference on Video and Signal Based
Surveillance (p. 52). IEEE.

Wang, Y., Zhang, K., & Shark, K. (2014). Personal iden-
tification based on multiple keypoint sets of dorsal
hand vein images. IET Biometrics, 3(4), 234—245.

Zharov, V. P., Ferguson, S., Eidt, J. F., Howard, P. C.,
Fink, L. M., & Waner, M. (2004). Infrared imaging of
subcutaneous veins. Lasers in Surgery and Medicine,
34(1), 56-61.



