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Abstract. The Texas Instrument TMS320VC55I0 DSK's calculation abilitiy with different
program languages is investigated for minimum the DSP's measurement time. The steps of Monte
Carlo simulations embedded into the DSK's flash through the DSK's JTAG interface for optical
parameters measurement including absorption coefficient7.t,, scattering coefficient F, and

anisotropy 8'are presented. The obtained results for diluted milk standard samples are also

reported.

l. Introduction

Light propagation in turbid media can be iescribed by the Radiance Transport Equation with thr"ee

optical specified parameters: absorption coefficient pu, scattering coefficient;.r., and anisotropy g [].
The determination of these parameters can be taken by differerit methods: the approximate models
such as Kubelka-Munk [2] or Monte Carlo simulations. The Kubelka-Munk model gives quick result
as it bases on direct calculation of the backward scatteringRr, forward scattering {, and the

collimated light { [3]. However, it is not as exact as the result given by Monte Carlo simulations.

Monte Carlo simulations has developed since 1940s, even though, nowadays its application has

been found in many fields due to it is a mathematic method that give exact results [4,5]. Nevertheless,
Monte Carlo simulations require a great volume of calculation. In other words, it takes much time for
calculation, thus, not suitable with on-line monitoring system. To cope with this, MontE Carlo
simulations has been embedded into DSP environment - the Texas Instrument TMS320VC5510 DSK
kit [6]. With a DSP's special structure such as parallel and pipe-line techniques, this method allows
reducing the calculation time.

2. Theory

Monte Carlo simulations for photon propagation in turbid media containing absorption and
scattering particles simulates random movement of photon, based on a set of rules that effect the
movement. Fig. I illustrates the deflection of a photon caused by a scattering event.
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" Fig. I . Deflection of a photon with the deflection angle 0 and azimuthal Y.

According to Monte Carlo simulations, photon moves step by step and the photon propagation is

expressed by probability distribution functions of the step, deflection angle, azimuthal angle and the

possibility of reflection, transmission at surfaces .Fig.2 indicates the flowchart of photon movement in
a biological sample.

Fig. 2. Flowchart for Monte Carlo srmulations.

Monte Carlo simulations for biological samples begin by photon stepsize and photon weighting.
Photon position has been verified after each step. If the phottin is intemally reflected and still in the

sample, it is possibly absorbed and then the absorption and photon's weight is updated. If the weight is
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small but the photon is still considered, the next step is verified and the as-described process .is

repeated. If the photon's weight is neglected, the next photon is considered. The simulations finish
when iast photon is investigated.

o Photon stepsize s :

The stepsize of the photon, s , is calculated based on a random sampling of the probability density
function for s:

-lnt
Sr=-

F,

where ( is a random variable with the value in the range (0, l] generated by the computer;

lt, = lto + p" is attenuation coefficient.

o Photon weighting:

Every photon is initialized with a weight of unity, W = I . Once the photon has taken a step, some
attenuation of the photon weight occurs..The new photon weight must be updated:

w <- wl!
lt,

o Pltoton movement:

Aftereachstep,photonhasanewposition l,r',y',2')calculatedfromthecurrentposition (x,y, )Ey:
+ p,s

+ prs (3)

* ll,s
where (p,, pr,1t,) are the direction cosines, It has a relation with a unit vector r specified the

trajectory of the photon by:

rx
rv (4)

rz
Once the photon takes a step with deflection angle 0, azimuthal angle ty , photon has e new

position with the direction cosines (lt,',ltr',F=') culculated from current cosines (/t,,ltr,lt=) vy,

p,' = +(F,F,"o*y - ltrsiny)+ p,coso
,ll - P,' '

ar'= {(lrrlr,ro*y - lt,siny)+ 1t,coso' Jl-F""
p,' = -sino "o",y.rlt 1j + p, cos o
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3. Measurement setup

o The TMS320VC5510 DSK investigation:

As the calculation of Monte Carlo simulations is time-consuming, the TMS320VC55l0 DSK is

investigated in order to minimize the calculation time. The multiplication of two matrixes sized n x n
.vith differences of n is taken for investigating the DSP with different calculation volume. The

obtained results are shown in table 1.

faUte t. Calculation time of the multiplication of two matrixes sized n x n with different program languages

(C, Assembler with and without parallel structure)

Size of n Assembler & Parallel
structure (ms)

Assembler (ms) C (rns) Time ration between
parallel and non-

parallel structure (%)
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Fig. 3 illustrates the dependence of calculation time on size n of the matrixes when the calculation
programs is written in C language and in Assembler using parallel technique.
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Fig. 3. Calculation time when the program are written in Assembler in two cases:

with and without parallel techniques.

Fig. 3 shows that: normally, when using parallel technique, the calculation time is reduced by
around l0% but when the volume getting higher, using parallel technique allows to reduce calculation
time up to 50o/o (Fig. a).

Fig. 4. Calculation time ration between Assembler with and without parallel techniques.

The differences of the calculation time when the program written in C and written in Assembler
with parallel technique are shown in Fig. 5.
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Fig. 5. Calculation time when the programs are written in C and in Assembler.
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From Fig. 5, one can see that the calculation time increases quickly with the increasing of the

calculation volume when the program written in C language. Fig. 6 shows the dependence of the

calculation time ration on the calculation volume between two cases: the program written in C and the
program written in Assembler using parallel technique.

Fig. 6. Calculation time ration between the program written in C and the program wriften in Assembler using
parallel technique.

As indicated in Fig. 6, normally, the calculation time when the program writen in C is 50 times
higher than one writen in Assembler using parallel technique but with the increasing the calculation
volume, the ration will increase as high as hundrgd times.

From the above DSP investigation, we can conclude as followings:
1) The calculation time when the program written in C language is more than the calculation time

when the program written in Assembler using parallel technique from tens to hundred times;
2) In comparision with non-using parallel technique, using parallel technique allows to reduce

calculation time up to 50%o.

. Optical partmeters measurement setup:
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Fig.7. Opt r measruement based on MC simulations and DSP.
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The measurement to verify optical parameters based on Monte Carlo simulations and the Texas
Instrument TMS320VC55l0 DSK kit is shown in Fig. 7.

Algorithms for the Monte Carlo simulations are loaded into flash of the DSP board through the
DSP's JTAG interface. The input signals: R,t , T,t , and \, after being converted into digltal signals

are sent to SDRAM of the DSP in parallel through the DSK's Memory Expansion Connector. The
interfaces between the ADC board. the DSP board and the PC are illuminated in Fis. 8.

JTAG
lnterface

Fig. 8. Interfaces between the ADC, the DSP and the PC.

The flowchart for data access is shown in Fis. 9.

- EMIF interface Innitron
- UO interface Innition

Channel < 3 ? Point=Point+ 1

Send the channel add to
ADC for input selection Point < 400 ?

- Read data from ADC
- Store data in DSP's SDRAM
- Channel = Channel * 1

- Monte Carlo calculation
- Read data lrom the SDRAM
& Send to PC

Fig. 9. Flowchart for data access.



.t

68 N.T. Anh et al. / VNU Journal of Science, Mathematics - Physics 26 (2010) 61-70

It is needed to measure 3 parameterSt /tot lts and g, thus, 3 windows are created with 400 j

sampling points for each one. 3 inputs corresponding to R, , T* and T" are selected one by one for

each sampling point. In other words, all inputs are periodically scanned and each scan includes 3

sampling points corresponding to 3 inputs. After being converted into digital signals, these sampling

points are stored and calculated in SDRAM of the DSP board before sending to the PC.

4. Results and discussion

Foi measurement, homogenised fresh milk with fat concentration of 4Yo has been used. A series of
samples with increasing milk concentrations has been prepared by mixing fresh milk with distilled
water.

The absorption coefficientpo, scattering coefficient 1t, and anisotropy g with a light source at

820nm have been calculated by Monte Carlo simulations. The result with a certain concentration

between 0%o vol. to 5Yo vol. has been monitored in three windows respectively (Fig. l0).

a

E]
Fig. 10. Optical parameters of homogenised fresh milk calculated by MC simulations.

The measurement forp", p, and g by Monte Carlo simulations with different milk

concentrations is presented in Fig. 11.

By increasing the concentrations, both absorption and scattering coefficients increase gradually

and then reach their own saturated values at 4.5 * 0.2mm-' and 60 ! 2mm-' respectively for
concentrations higher than 5%o vol.. These results are in good agreement with other related works [7].
Moreover, from Fig. ll, one can see that from 0.8 to 2.0Yo vol., fto, lt, vary linearly. As for the

anisotropy factor g, it decreases from 0.99 at low concentrations to a stable value of 0.982 + 0.005

for concentrations higher than 5olo vol..
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Fig. I 1. Concentration-dependence:
a) Absorption coefficient;
b) Scattering coeffi cient;
c) Anisotropy.

5. Conclusion

The Texas Instrument TMS320VC55l0 DSK is investigated for minimum the calculation time.
The obtained results show that in the comparision with non-using parallel technique, using parallel
technique allows to reduce the calculation time up to 50%. Moreover, the calculation time can be

reduced to hundred times if the program is written in Assembler (using parallel technique) rather than
in C language.

After the DSP's investigation, the optical parameters including absorption coefficient4",

scattering coefficient p, and anisotropy g of homogenised fresh milk with different concentrations

have been measured. The measurement is taken by using Monte Carlo simulations embedded into the
Texas Instrument TMS320VC55l0 DSK kit through the DSP's JTAG interface. The obtained results

show that for concentrations higher than 5Yo vol., po, p, and g get their stable values at 4.5 + 0.2mm-r.

60 + 2mm-r and 0.982 + 0.005 respectively.
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