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Section I. Experimental workflow

In this section, we describe the detailed workflow of the experimental setup. The
illustration of the workflow is shown in Figure. S1. The left diagram shows the decomposition
elements, which include the probe, a huge water droplet, a skin adhesive, a transparent film,
and a tiny water droplet. With this workflow and our innovative handheld probe, the confocal
Raman measurement can be acquired at any part of body with high efficiency and low cost.
During the measurement, after placing the skin adhesive on the skin, the three joints of the
mechanical arm are unlocked, and the protruding end of the probe is placed on the skin (e.g.
cheek) of the subject. In order to counter the problem of the mechanical arm movement when
locking the arm in place, the adhesive has a protruding reservoir, and the probe has a
protruding end. This configuration enables users to easily place the probe at the desired
location without much hassle. The frame structure of the hollow protrusion enables sufficient
space for the filling of the huge water droplet with a syringe and needle. After the huge water
droplet fills the reservoir of the skin adhesive, the objective lens can be moved closer to the
reservoir for contact with the water. Although this configuration makes the probe stable and
robust, since water is directly placed on the skin for a substantial amount of time, the water
peak in the acquired Raman data is significantly higher with long-time imaging, interfering
with the water content signal of the skin since it is a significant parameter for skin healthy
evaluation.

Through iterative experiments and testing, a tiny droplet of water of about 10 pL will be
placed instead of placing a huge droplet of water directly on the skin. Such a small amount of
water will not interfere the water content of the skin for the duration of the measurement. A
thin transparent film will be placed on top of this tiny droplet to isolate the huge water droplet
in the skin adhesive. The tiny droplet couples the transparent film to the skin, removing any
air gaps in between them, while the huge droplet couples the transparent film to the objective
lens when the objective lens moves close to the transparent film. These additional steps not
only eliminate the water issue but also stabilizes the skin during imaging. Furthermore, it is
also used as a guide to locate the surface of the skin. The portfolios of the working
configuration are shown in the right diagram in Figure. S1.

Probe

Objective lens

Hollow protrusion
Lens protector

'
Huge Water Droplet @)
¥

Lens

. R movement
Skin Adhesive - for confocal
+ :> imaging

Transparent Film —
¥+
Tiny Water Droplet «
¥
Skin

Figure. S1. The workflow and configuration of the human skin inspection with the handheld
confocal Raman probe



Section Il. The derivation process of the
PRSSA in a dual-wavelength excitation Raman
spectrometer

From the definition of the Maximum a posteriori probability (MAP) estimate[1, 2], if let /
be the sampling distribution of the observation ¥, 0 is an unobserved parameter that needs

to be determined, the maximum likelihood estimate (MLE) of ewill be:

g?MLE (x)=argmax f(x|6)
0 (1)

If we can get a prior distribution & over 0 exists, the posteriori distribution of 0 can be

calculated by using Bayes’ theory:
x|0)g(@
101x) = G 0)2®)
[, F(x19g(9)ds
(2)

Where & is the density function of‘g, C) is the domain of g, Therefore, same as the MLE

function, the MAP estimates of 0 is:
éMAP (x) =argmax f(€]x)
0
_ argmax L 102(0)
0o [ /(x10)g(9)as
=argmax f(x]0)g(6)
0 (3)

Obviously, the separation of the combined Raman spectrum can meet the requirement of

the MAP. The unobserved parameter 0 is the spectra that was separated from the dual-

wavelength excitation result, while the prior distribution & are premeasurement results with
dual-wavelength excitation, laser 1 excitation, and laser 2 excitation. The sampling

distribution J(x[0) is the dual-wavelength excitation result of each experimental
measurement.

As mentioned in manuscript section 2.4, here we will describe the derivation process of
the PRSSA. The PRSSA is set up depending on some prior hypotheses:

i) if vector 4 is combined by vector B and C, then:
A=B+C,
(ii) Feature peaks of B and C are fixed, positions and shapes of these feature peaks will

not change for the same species sample. The only difference between different samples is the
peak intensities of these feature peaks.

(iii) Main peaks (highest intensity) positions in B and C are not overlapped.

Once the combined spectrum and individual spectra meet these requirements, the extraction
process of B and € from A4 can be described as below:
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A'n,1]

' '
While we want to extract Bin,1] and C'n.1] from a combined signal
have a group of reference signals as the prior distribution:

A[n,1]= B[n,1]+ C[n,1]

, we must

(4)
Where A = la,,a,,a,,L ,an]‘ g _ bbby L ’b"],and c _la,c.cll ,cn].
Therefore, from eq. (4):
a, =b, +c;
a, =b, +c,;
M

a,=b,+c,;

(5)
Therefore, when we have a new combined signal A', which has n components

a,a,,a,,L ,a
[ 127725773 > > ”],wecangetasimilarequationwitheq. (4):

A'[n,1]= B'[n,1]+C'[n,1]

(6)
Same as eq. (5), we can get a new group of equations:
ai = bl' —+ cl';
a'z = bé —+ Cvz;
M
a, =b, +c,; o
Since 4.B.C, and A" are known, we can get the difference X, between A and A‘:
_ A
X,=A-4 -

If we separate X4 into two parts: X and XC, which stand for the difference between B

'
and B ', c and C . Two unknown quantities can be expressed by:

B'=B+X,
C'=C+X, ©)
Where Xp+ X=X, ,in this equation, Xy and Xe can be also expressed by a proportion
of XA:
X, =W,xX,
Xc=W.xX, (10)

Hence, from the eq. (8), (9) and (10) can get:
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B'=B+X,=B+W,xX,=B+W,x(A'-A)
C'=C+X,=C+W.xX,=C+W_ x(A'-A)
(WB +WC =1) (11)

In the ideal case, peaksin B and C are not overlapped, so the weightage Wy and We can be
determined from the prior distribution:

(12)

a
However, in the real case, peak values " at position 1 of A normally depends on both b, of

B and € of C. Meanwhile, these peaks are normally distributed follows the normal
distribution, thus, if the center and the width of each peak is prior known, the weightage WB

and We can be determined by MAP estimate. Fortunately, these prior data can be pre-
measured with the proposed dual-wavelength excitation Raman system. From the reference

results A , B ,C , the center position of each peak ’UA, Hp , He , and the variance of each

2 2 2
o, 0,0

peak € can be determined. The probability density function of each peak in the

dual-wavelength excitation reference signal Ajs;
Lox gy
2( oy )

1
Sa(x,) _0'/1—2\/_7ze

While it can be combined by the probability density function of B ang c :
fA(xA) = fB(xA)+fC(xA)

N XamHp 2 N XazHke
1 2( op ) 1 2( op )

=——c¢ +———=e

o,N27 o2
B C

In the experimental measurement results, due to the peak center and the peak width will not
change (prior hypotheses ii), we only need to find out the value of each peak, which is
b ? c r Cn ? bn

equivalent to find the weightage We and We in equation (11). Thus, while "o

(13)

(14)

wy .

(prior hypotheses iii), elements “ in Wy and “ in We will become:

_ °n
w, =—=%
all
n
w, = p mw,
n (15)
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O0<w <=

<

Where 7 isthe weightage coefficient of B 3t position 77, ", it depends on the

prior distribution of the sample, different category of objects will change the value of Wa .

Here, we give an empirical formula for human skin of "~ 7 :

bc
w, = ;2”
" (16)
b >5¢
Therefore, while " n.
. b bec ,
bn :bn +(_”+ ”2'1 )(an _an)
n ai’l
, c c
c,=c, +(—=+—-"= - )a, —a,
a, a, 17
>
While € Sb”
b bc,
bn:bn (n_ 2)(n_an)
n n
c
c,=c,+(—+ ”2”)(an—an)
an an (18)

In other situations:

b =b,+C)d —a)
a

n

¢, =c, +(“)(a, —a,)
@ (19)

A,B,C

C
and A" atposition 77, while b, and "
n

a.,b,c a
Where 7’77’77 agnd 7 are the value of

are the value of the extraction result of B' and C"' at position

Section lll. Phantom experiment with Acetic
Acid and Ethanol Mixture

Here, Figure. S2 shows the dual-wavelength excitation results of pure acetic acid and
ethanol solutions to determine feature peaks for their mixture solutions. Although acetic acid
and ethanol have some high peaks, such as the 671 nm excitation peak at around 851 nm and
the 785 nm excitation peak at around 859 nm, these peaks are overlapped, which cannot be
used as marks to determine the concentration of acetic acid or ethanol in a mixture solution.
Therefore, we chose some lower but not overlapped peaks as the feature peaks. As shown in
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Figure. S2 (a), the feature peaks of acetic acid only can be found in the 785 nm excitation result
due to the 671 nm excitation result only having one distinct peak at 852 nm whereas the 671
nm excitation result of ethanol also has some peaks at this wavelength. Ethanol has more
feature peaks in both 671 nm and 785 nm excitation results, so we choose two peaks from

each wavelength.
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Figure. S2. (a) The feature peaks of pure acetic acid solution in785nm laser excitation result,
(b) the feature peaks of pure ethanol solution in 67 1nm and 785nm laser excitation results.

Figure. S3 shows the extracted FP and HW results with the comparison of the single

wavelength excitation results of the mixture of 800 Hl ethanol with 100 to 1000 Ml acetic
acid. The feature peaks of ethanol become lower with the increasing of the concentration of
acetic acid, while the feature peaks of acetic acid at 840nm and 918nm become clear.
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Figure. S3. The Raman spectra with 671nm and 785nm laser excitation and the extracted

FP/HW results from the dual-wavelength excitation Raman spectra (a) 100 uL AA and 800



HL Ethanol mixture solution, (b) 200 HL AA and 8004 L Ethanol mixture solution, (c) 300
ML AA and 800 ML Ethanol mixture solution, (d) 400 HL AA and 800 ML Ethanol mixture
solution, (¢) 5500 4L AA and 800 4L Ethanol mixture solution, (f) 6600 4L AA and 800 4L
Ethanol mixture solution, (g) 7700 HL AA and 800 4 L Ethanol mixture solution, (h) 800 HL
AA and 800 uL Ethanol mixture solution, (i) 900 uL AA and 800 HL Ethanol mixture
solution, and (j) 1000 uL AA and 800 L Ethanol mixture solution.
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