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REAL-TIME PROGRAMMABLE ICE AND 
APPLICATIONS IN OPTICAL 

MEASUREMENTS 

BACKGROUND 

0001 1. Technical Field 
0002 Embodiments disclosed herein relate to the field of 
optical measurements of fluid samples. In particular, embodi 
ments disclosed herein relate to the field of optical measure 
ments of fluid samples using integrated computational ele 
ments to determine measurable fluid properties. 
0003 2. Description of Related Art 
0004. In the field of oil exploration and extraction there is 
often the need to perform measurements of samples to deter 
mine their chemical composition and other measurable fluid 
properties. In many cases, methods and systems to perform 
optical measurements use a spectrally resolved optical device 
to analyze a sample light. Such spectrally resolved optical 
devices are typically designed for measuring a single specific 
fluid property. Filters and other spectrally resolved optical 
devices are typically complicated to manufacture and involve 
time-consuming procedures. Moreover, state-of-the-art spec 
trally resolved optical devices and components are often dif 
ficult to correct when a re-calibration procedure so requires. 
0005. In the field of hydrocarbon exploration and extrac 

tion, known optical measurement techniques are often diffi 
cult to apply due to the wide spectral range involved in the 
measurement, covering from the ultra-violet (UV, 250 
nm.-450 nm), the visible (VIS, 450 nm-750 nm) and near 
infrared (NIR, 750 nm-2500 nm) to the mid-infrared spectral 
region and beyond (2500 nm-10 um). Some prior art 
approaches attempt to overcome the broadband problem by 
having a plurality of manufactured filters and spectrally 
resolved optical devices mounted onto a rotating wheel. This 
approach has the drawback of increasing device overhead in 
a limited space environment, such as in a downhole oil explo 
ration and extraction application. Furthermore, with filter 
rotation and fluid flow in an optical cell (e.g., for fluid 
samples), the measurement system becomes difficult to align 
and may be prone to errors. Prior art devices such as this are 
mechanically and electronically complex systems due to the 
need for wheel synchronization and mechanical robustness in 
the rotating filter mechanism. Prior art devices have another 
drawback in that sample light may pass through the filters at 
different times. This adds additional complexity to data 
analysis, compromising results accuracy with undesirable 
latency in the slow rotation of typical filter wheels, and rota 
tion jitter. 
0006 Another drawback of conventional filters and other 
spectrally resolved optical devices is manufacturability. 
Indeed, the most desirable spectral profile may be costly to 
fabricate within a desirable error tolerance. Typically, a 
desired model is provided to a manufacturer for thin film 
deposition. After filters and spectrally resolved optical 
devices are manufactured, a calibration process is typically 
needed to characterize the response of the optical measure 
ment system for samples at different temperatures and pres 
Sures. Thus, manufacturing steps in certain state-of-the-art 
optical measurement systems may increase error and cost of 
the system. 
0007 What is needed is a method and a system to allow 
spectral measurements of samples using a broad spectral 
band with a reduced number of physical components. Also 
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needed are a system and a method for using the system that is 
rugged and compact, providing detailed information of a 
sample composition. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0008 FIG. 1 shows a system to perform an optical mea 
Surement of a sample, according to some embodiments. 
0009 FIG. 2 shows a more detailed view of certain com 
ponents in a system to perform an optical measurement of a 
sample, according to some embodiments. 
0010 FIG. 3A shows components of an intensity modula 
tion block in a system to perform an optical measurement of 
a sample, according to some embodiments. 
0011 FIG. 3B shows components of an intensity modula 
tion block in a system to perform an optical measurement of 
a sample, according to some embodiments. 
0012 FIG. 4 shows a linear regression vector represented 
by the arrangement of components of an intensity modulation 
block in a system to perform an optical measurement of a 
sample, according to some embodiments. 
0013 FIG. 5 shows a partial view of a system to perform 
an optical measurement of a sample, according to some 
embodiments. 
0014 FIG. 6 shows a partial view of a system to perform 
an optical measurement of a sample, according to some 
embodiments. 
0015 FIG.7 shows a photodetector in a system to perform 
an optical measurement of a sample, according to some 
embodiments. 
0016 FIG. 8 shows a system to perform an optical mea 
Surement of a sample in a wireline logging application, 
according to some embodiments. 
0017 FIG. 9 shows a drill bore including a sensor in a 
system to perform an optical measurement in a sample for a 
logging-while-drilling (LWD) application, according to 
Some embodiments. 
0018 FIG. 10 is a flowchart illustrating steps in a method 
for measuring sample properties according to Some embodi 
mentS. 

0019. Wherever possible, the same reference numbers are 
used throughout the drawings to refer to the same or like 
elements. 

DETAILED DESCRIPTION 

0020 Embodiments disclosed herein provide a rugged 
and compact optical measurement system including at least 
one integrated computational element (ICE) electrically con 
figured to measure a property of a sample of interest. To 
provide detailed compositional information of a sample, 
Some embodiments may include a plurality of electrically 
configured ICES covering an entire optical spectrum of inter 
est, including the UV, VIS, NIR, and MIR spectral regions. 
Additionally, in some embodiments, a single or limited num 
ber of ICEs may be electrically configurable to function as a 
plurality of ICES used in an optical measurement. Thus, 
embodiments as disclosed herein significantly reduce the 
complexity of the system, simplifying alignment of different 
optical components, boosting reliability of the sensors 
mechanical, electrical and electronic components, and reduc 
ing the number of moving parts. 
0021 FIG. 1 shows a system 100 to perform an optical 
measurement of a sample, according to some embodiments. 
System 100 includes a sample illumination block 110, a spec 
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tral dispersion block 160, an intensity modulation block 170, 
a detector block 180, a controller block 185, and an analysis 
unit 190. Sample illumination block 110 may include one or 
more light sources 115 providing an illumination light 150 to 
a sample 120. The particular arrangement of light source 115 
depends on the sample 120 being analyzed. If the sample is 
transparent, light source 115-1 may be arranged to pass illu 
mination light 150-1 through sample 120. Alternatively, if the 
sample is opaque, light Source 115-2 may be arranged so that 
an illumination light 150-2 is reflected or back-scattered from 
sample 120. In such an arrangement, a beamsplitter 115 may 
be provided to direct illumination light 150-2 to sample 120. 
Generally, sample 120 is contained in a sample containment 
area 125. Sample containment area 125 may be a cavity, an 
open or closed container or simply a window adjacent a 
sample to be analyzed. Such as for example, a window within 
a conduit or tubular member in which a sample is contained. 
In certain embodiments, multiple light sources 115-1 and 
115-2 may be utilized. In such a case, beamsplitter 115 also 
collects a portion of light 150-1 that has traversed sample 120, 
and a portion of light 150-2 that is backscattered from sample 
120. In any event, a sample light 151, either from illumination 
light 150-1 or illumination light 150-2, or a combination 
thereof, exits illumination block 110 for further processing. 
0022 Spectral dispersion block 160 separates sample 
light 151 into wavelength w, each wavelength w having a 
bandwidth AW. Unless otherwise stated, references to a wave 
length wherein shall be understood to refer to the center 
wavelength. Dispersion block 160 may include a dispersive 
element, such as a prism or a diffraction grating. The dis 
persed wavelengths w-w, form dispersed sample light 161, 
which is transmitted to intensity modulation block 170. As 
Such, sample light 161 is transmitted across a plurality of 
spectral ranges. In some embodiments dispersion block 160 
may provide light 161 further separated into a UV portion, 
VIS portion, a NIR portion, and a MIR portion. In some 
embodiments, dispersed sample light 161 may include wave 
length portions within a specific band of interest. Such as the 
UV, the VIS, the NIR, or the MIR bands. 
0023 Intensity modulation block 170 generally includes 
an intensity modulation device 173 for each wavelength of 
interest in sample light 161. The device 173 may be electri 
cally tuned to absorb, reflect or transmit all or a portion of the 
wavelength assigned to device 173. In some embodiments, 
device 173 includes a digital light processor (DLP) chip or 
other MicroElectroMechanical (MEM) system. Block 170 
may include a plurality of devices 173. In certain embodi 
ments, such devices 173 may be arranged in an array. Inten 
sity modulation block 170 may also include a processor cir 
cuit 171 and a memory circuit 172. Processor circuit 171 may 
perform operations or otherwise control the operation of 
devices 173 upon executing commands stored in memory 
circuit 172. Memory circuit 172 may also store a plurality of 
frames or two-dimensional (2D) patterns associated with a 
measurable property of sample 120. Processor circuit 171 can 
accordingly adjust devices 173 to aparticular pattern stored in 
memory circuit 172. 
0024 Detector block 180 receives modulated, dispersed 
sample light 174 and provides a signal to controller block 185 
and analysis unit 190. Detector block 180 also generates an 
output signal 177 based on sample light 174 which signal 177 
correlates to a property of sample 120. Controller block 185 
may include a processor circuit 186 and a memory circuit 
187. The processor circuit may include synchronization elec 
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tronics to adjust the timing of intensity modulation block 170 
and the integration of a signal provided by detector block 180. 
Analysis unit 190 may also include a processor circuit 191 
and a memory circuit 192 to process data provided by con 
troller block 185. 
0025 FIG. 2 shows a more detailed view of dispersion 
block 160, intensity modulation block 170, and detector 
block 180 in system 100, according to some embodiments. 
Wavelength dispersion block 160 is as described in detail 
above (cf. FIG. 1). Wavelength dispersion block 160 provides 
dispersed sample light 161 to intensity modulation block 170, 
from Sample light 151. Accordingly, dispersed sample light 
161 is spatially separated into 'n' Sample light portions, each 
including a spectral content denoted as AW. A. . . . . and 
AW, where in may have any positive integer value. 
(0026. The intensity modulation block 170 of FIG.2 shows 
a plurality of intensity modulation devices 273, each disposed 
to receive a portion 273 of the dispersed sample light 161: 
273-1 (Au), 273-2 (Aw), up to 273-n (A). Intensity modu 
lation devices 273 provide variable intensity attenuation to 
sample light portions Aw, AW, ..., and A. Thus, modula 
tion block 170 forms a modulated sample light 174 which is 
collected by detector block 180. 
0027. In some embodiments, dispersion block 160 may 
separate sample light 151 temporally. Thus, the ‘n’ sample 
light portions including a spectral content Aw, AW, ..., and 
A may be arranged in separate and Subsequent time inter 
vals forming a stream of modulated, dispersed sample light 
174. For example, dispersion block 160 may include an elon 
gated dispersive optical medium, Such as a waveguide or 
optical fiber. In Such a configuration, different wavelength 
components Aw, AW2. . . . . and AW are dispersed in time 
while traversing the optical medium. In Such a configuration, 
intensity modulation device 273 may function as an optical 
attenuator changing an attenuation value in time, each attenu 
ation value corresponding to a different light portion. 
0028 Detector block 180 in FIG. 2 includes collection 
optics 285 and a detector 230. In some embodiments, detector 
230 is a photodetector and may include a single photo-sensi 
tive element. In such a configuration, collection optics 285 
focuses at least a portion of modulated, dispersed sample light 
174 from intensity modulation element 170 onto photodetec 
tor 230. Further according to some embodiments, photode 
tector 230 may include multiple photo-sensitive elements, 
Such as two, four (quadrant) or more photo-sensitive ele 
ments, such that collection optics 285 may focus a first por 
tion of modulated, dispersed sample light 174 onto a first 
photo-sensitive element, and a second portion of modulated, 
dispersed sample light 174 onto a second photo-sensitive 
element. Alternatively, each portion of dispersed sample light 
174 may be focused on a different portion of a single photo 
sensitive element. 
0029. In some embodiments, collection optics 285 may 
include lenses, mirrors, and other elements such as optical 
fibers. Accordingly, collection optics 285 may include an 
imaging optical element forming an image of modulation 
block 170 onto the surface of detector 230. For example, the 
array of photo-sensitive elements in detector 230 may be a 
two-dimensional (2D) array of photo-sensitive elements. In 
that regard, detector 230 may include an array of photo 
sensitive elements forming an image plane, or a portion of an 
image plane of collection optics 285. 
0030. The intensity modulation device 173 of intensity 
modulation block 170 is shown in more detail in FIGS. 3A 
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and 3B as intensity modulation device 273 (273-1 and 273-n 
are shown, where n is any positive integer). In some embodi 
ments, each intensity modulation device 273 includes an 
array of modulation elements 375-1 through 375-k (herein 
after referred to collectively as modulation elements 375), 
where k is an integer greater than or equal to n. Modulation 
elements 375 may be movable mirrors forming a 2D-array, 
according to some embodiments. In that regard, as described 
above, intensity modulation block 170 may include an elec 
tronically controllable circuit, Such as a micro-electrome 
chanical system (MEMs). For example, intensity modulation 
block 170 may be or include a digital light processor (DLP). 
0031. In some embodiments intensity modulation is pro 
vided by adjusting the area of intensity modulation device 
273 directing light in a desired direction. FIG. 3A illustrates 
pattern 370a with 75% of modulation elements 375 in a first 
or 'on (clear) configuration and 25% of modulation elements 
375 in a second or off (shaded) configuration, where on 
represents a modulation element 375 that directs or transmits 
light to a detector 230 and off represents a modulation 
element 375 that directs or reflects light away from detector 
230. FIG.3B illustrates pattern 370b with 25% of modulation 
element 375 on (clear) and 75% of modulation elements 375 
off (shaded). It will be appreciated, especially with refer 
ence to the discussion, that patterns 370a and 370b represent 
the reverse of one another, thereby representing the total 
spectrum of light collected for a sample at a particular wave 
length w. In any event, by virtue of the modulation elements 
375 each being in at least a first or second configuration, a 
multiplicity of patterns may beformed by the intensity modu 
lation device 273, which patterns are associated with various 
measurable properties of the sample. 
0032. In certain embodiments, intensity modulation block 
170 can be switched very quickly (kHz) for the complete 
re-writing of the pattern, such as when intensity modulation 
block 170 comprises one or more DLP devices. In some 
embodiments more than 2 million addresses per second are 
available. Thus, for a 2D-array having approximately 1000 
elements, about 2000 patterns per second may be provided by 
intensity modulation block 170, in some embodiments. The 
pattern writing can include a black pattern (all modulation 
elements 375 shaded), which serves the function of chop 
ping. The use of mirrors rather than an absorption media for 
modulation elements 375 allows detection of fainter signals, 
and operation at lower concentrations of target analyte. A 
DLP device according to some embodiments may be a mirror 
set above a memory cell on a MEMs chip. A window allows 
light entrance and exit to intensity modulation block 170. 
0033 Accordingly, the 2D array of modulation elements 
375 of block 170 has a wavelength dispersion axis, w (ab 
scissa of FIGS. 3A and 3B), and a Y axis (ordinate of FIGS. 
3A and 3B). Thus, intensity modulation devices 273 extend 
along the wavelength axis, and are distinguished from each 
other by a center wavelength w and a bandwidth A of the 
light impinging on all modulation elements 375 included 
within each intensity modulation device. FIGS. 3A and 3B 
show each intensity modulation device 273 having the same 
or a similar number of modulation elements 375. One of 
ordinary skill will recognize that this configuration is not 
limiting, and in general the number of rows and columns of 
modulation elements 375 of an intensity modulation device 
273 may vary. In some embodiments, the number of rows and 
columns of modulation elements 273-i is determined by the 
bandwidth A, of dispersed light 161 centered at . The 
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bandwidth A, of dispersed light 161 centered at , is in turn 
determined by the spectral resolution (dispersive power) of 
dispersion block 160. In embodiments consistent with the 
present disclosure, the number of rows of elements 375 along 
the Y axis or the number of columns along the axis may be 
similar or the same for all intensity modulation devices 273. 
0034 FIGS. 3A and 3B illustrate some modulation ele 
ments 375 as 'clear and some modulation elements 375 as 
shaded within an intensity modulation device 273. For pur 
poses of the description references to clear and shaded are 
simply intended to represent different reflective configura 
tions of the modulation element 375. In some embodiments, 
a clear element indicates a full reflection of the portion of 
dispersed sample light 161 impinging on the given modula 
tion element toward detector block 180. And a shaded ele 
ment indicates Zero reflection of the portion of dispersed 
sample light 161 impinging on the given modulation element 
onto detector block 180. Accordingly, portions of light within 
an intensity modulation device 273 directed to modulation 
elements 375 having the same clear or shaded configura 
tion follow substantially the same optical path. For example, 
in some embodiments the portion of light impinging on 
clear elements 375 within an intensity modulation device 
273 may be directed to detector 230 substantially simulta 
neously. In some embodiments the portion of light impinging 
on clear elements 375 within an intensity modulation device 
273 may be directed to a first portion of detector 230 substan 
tially simultaneously. Likewise, the portion of light imping 
ing on shaded elements 375 within an intensity modulation 
device 273 may be directed to an optical dump, to a second 
modulation block, or to a second portion of detector 230, 
Substantially simultaneously. 
0035. Accordingly, modulation elements 375 may elec 
tronically switch from a clear configuration to a shaded 
configuration by an electrical signal. In embodiments where 
intensity modulation block 170 is a MEMs array, modulation 
element 375 may be a micro-mirror. Therefore, a clear or 
shaded configuration may be defined by an angular position 
of the micro-mirror. For example, in a clear configuration 
dispersed light 161 is deflected by the micro-mirror and col 
lection optics 285 into an optical path ending on the surface of 
detector 230, or in a first portion of detector 230. Likewise, in 
a shaded configuration dispersed light 161 is deflected by 
the micro-mirror and collection optics 285 into an optical 
path ending in an optical dump, in a second modulation 
block, or in a second portion of detector 230. 
0036 FIG.3A shows intensity modulation block 170 with 
modulation elements 375 in clear and shaded configura 
tions forming pattern 370a. In some embodiments, pattern 
370a may be changed by electronically adjusting the state of 
each of modulation elements 375. For example, in some 
embodiments a configuration complementary to pattern370a 
may result from Switching each of modulation elements 375 
to the opposite State. Thus, a modulation element in clear 
state in pattern 370a may be switched to a shaded state. And 
a modulation element in shaded state in pattern 370a may be 
Switched to a clear state. The resulting configuration is 
pattern 370b, as described below. 
0037 FIG. 3B shows intensity modulation block 170 with 
modulation elements 375 in “clear and shaded pattern370b. 
Accordingly, patterns 370a and 370b are complementary. In 
that regard, the sum of the light intensity from all modulation 
elements 375 in clear state in pattern 370a and the light 
intensity from all modulation elements 375 in clear state in 
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pattern 370b is the total dispersed light 161. This will be 
described in detail in reference to FIG.4, below. 
0038 FIG. 4 shows a linear regression vector 400 repre 
sented by the arrangement of modulation elements 375 of 
FIG. 3. The intensity of light from modulation elements in 
clear state of pattern 370a is shown as grey arrows 470a 
forming a spectral trace SO). The intensity of light from 
modulation elements in clear state of pattern 370b is shown 
as black arrows 470b forming a spectral trace S.O.). As shown 
in FIG. 4, the sum of the light intensity of curve 470a to the 
light intensity of curve 470b is a total intensity of dispersed 
light 161. In some embodiments, the sum of the light intensity 
of pattern 370a to the light intensity of pattern 370b may be 
independent of the selected shape of patterns 370a and 370b. 
Thus, if the spectrum of dispersed light 161 is A(w) (or A, in 
vector notation), in Some embodiments: 

0039. Accordingly, patterns 370a and 370b are selected 
according to an integrated computational element (ICE) 
whose spectral trace is illustrated approximately by trace 400. 
Trace 400 may be representative of a linear regression vector, 
L(W), associated with a measurable property, K, of sample 
120. 

0040 According to some embodiments, a regression vec 
tor L.O.) may be formed to satisfy the following relation 

2 K = 6-XA(A): L(A) +y (2) 

0041. Thus, Equation (2) is the solution for a linear mul 
tivariate problem targeting a measurable property K, of 
sample 120, where B is a proportionality constant and Y is a 
calibration offset. Values off and Y depend on design param 
eters of device 100 and not on sample 120. For example, in 
some embodiments K, may be the concentration of an analyte 
of interest in sample 120. In some embodiments, K, may bean 
octane rating in a gasoline sample, or a gas-oil ratio (GOR) in 
a crude oil sample. Crude oil is a liquid containing a mixture 
of hydrocarbons forming oil, and dissolved gases such as 
methane (CH), carbon dioxide, (CO), and others. Hydro 
carbons of interest in embodiments consistent with the 
present disclosure may be any one of the group including a C 
hydrocarbon molecule (e.g., methane), a C hydrocarbon 
molecule (e.g., ethanol), a C hydrocarbon molecule (e.g., 
propane), a Chydrocarbon molecule, a Cs hydrocarbon mol 
ecule, and a C hydrocarbon molecule (e.g., a hexane). The 
dissolved gases will form a gaseous phase at atmospheric 
conditions. Thus, when crude oil is released into the atmo 
sphere it contains two main phases, a liquid phase which is the 
commonly known oil, and a gas phase containing natural 
gas, including methane and other gases. Accordingly, the 
GOR of a downhole crude oil sample may indicate the value 
and potential use of a prospective reservoir. 
0042 Eq. (2) shows a linear relation between the product 
AL, and measurable property K. The dot product of vectors 
A and L, includes a Summation over the product of each 
wavelength component of vectors A and L. (cf. Summation in 
Eq. (2)). One of ordinary skill will recognize that a more 
general functional relation including non-linear terms in the 
product AL may be used, according to embodiments consis 
tent with the present disclosure. 
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0043. In some embodiments, the spectral trace (S) 
formed by arrows 470a and the spectral trace (S) formed by 
arrows 470b in FIG. 4 may be selected such that: 

Sa(A) - Sb() (3) 
Li () = *SatA) - SBA) + V; 

0044) Where u and v, are constants independent of wave 
length, Suitably chosen to satisfy Eq. (2) for measurable prop 
erty K, of sample 120. For example, the values of constantsu, 
and v, may be chosen such that value M (cf. FIG. 4) is equal 
to 0. 
0045. In some embodiments, the spectral trace (S) 
formed by arrows 470a and the spectral trace (S) formed by 
arrows 470b in FIG. 4 may be selected such that: 

L(A) = - e. (4) it (SBA) SatA) 

0046) Where 8 and 8 are constants independent of 
wavelength, Suitably chosen to satisfy Eq. (2) for measurable 
property K, of sample 120. For example, the values of con 
stants, and v, may be chosen such that value M (cf. FIG. 4) 
is equal to /2. 
0047 Accordingly, photodetector 230 detects signal 

TXS() (5.1) 

and signal 

TX.S.(W). (5.2) 

0048. In embodiments where regression vector L,( ) is 
obtained from Eq. (3), the value of measurable property K, 
may be obtained as 

0049. In embodiments where regression vector L.O.) is 
obtained from Eq. (4), the value of measurable property K, 
may be obtained as 

Pi. T. (7) K = 6; + y. 

0050. Accordingly, in some embodiments, the use of Eq. 
(7) relaxes the need for measurement T. For example, in 
Some embodiments the value of T, may be measured less 
frequently than the value of T. In some embodiments T, may 
be measured as a calibration step in order to fine tune or 
re-adjust the value of parameter 8, (cf. Eq. (4)). 
0051 FIG. 5 shows a partial view of a system 100 to 
perform an optical measurement of a sample, according to 
some embodiments. FIG. 5 illustrates modulation block 170 
including modulation element 375. FIG. 5 also illustrates a 
flat state 510 and an off state transferring a portion 501 of 
sample light 161 to an optical dump 520. Dispersion block 
160 is as described in detail above (cf. FIG.1). Detector block 
180 is as described in detail above (cf. FIG. 1). 
0052 FIG. 5 illustrates modulation element 375 as a mov 
able mirror (e.g., in a MEMs array) having three configura 
tions 575-1, 575-2 and 575-3. The three configurations sim 
ply represent different positions of the movable mirror, such 
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that a spectral wavelength w may be reflected in a particular 
direction. For example, a spectral wavelength w may be 
reflected to a detector block 180, or to another intensity 
modulation device 173/273 (see FIG. 1), or to an optical 
dump 520 or similar device. Recalling FIG.3 as an example, 
a mirror may have a clear configuration 575-1 in which a 
spectral wavelength is reflected to a detector block 180, and 
a shaded configuration 575-3 in which a spectral wave 
length w is reflected away from detector block 180, such as 
toward an optical dump 520. In some embodiments, optical 
dump 520 may be a black cavity having absorbing walls or 
similar device disposed to limit ongoing transmission of the 
spectral wavelengthw. For example, light 501 entering optical 
dump 520 may be substantially absorbed thereby. 
0053. The operation of modulation element 375 may 
include a rotation through an angle 550 of the mirror for each 
configuration: 575-1, 575-2, and 575-3. Rotation angle 550 
may vary according to the specific intensity modulation block 
170 used. Accordingly, in some embodiments, rotation angle 
550 may be approximately 24 degrees. Rotation angle 550 
may be the same or different for various functions. 
0054) The “clear configuration 575-1 provides modulated 
and dispersed sample light 174 to detector block 180 as an “A 
channel'. Wavelength dispersive element 160 provides dis 
persed sample light 161, which may be reflected by the modu 
lation element 375 of an intensity modulation device 170 so 
that configuration 575-3 may function as a “B-channel. A 
B-channel may be the route to an optical dump 520 (as 
shown), or a second intensity modulation block 170 or a 
second intensity modulation device 273 or a second detector 
block 180, or a further signal processing in the optical system. 
Moreover, configuration 575-3 may be fully reflective of 
dispersed sample light 161 (yielding an unmodulated dis 
persed sample light) or configuration 575-3 may be partially 
reflective of dispersed sample light 161 (yielding dispersed 
sample light modulated differently than the modulated dis 
persed sample light of A-channel). Thus, in certain embodi 
ments, an A-channel signal represents the modulated dis 
persed sample light while the B-channel signal represents the 
unmodulated dispersed sample light, which channels can be 
used for a variety of analytical purposes, such as, among other 
things, normalization. To the extent the B-channel signal is 
modulated, it may be used to measure another property of a 
sample under analysis. 
0055. In some embodiments, modulation elements 375 are 
switched from clear configuration 575-1 to shaded con 
figuration 575-3 at a selected rate. Thus, a pulse-width modu 
lated gray scale intensity may be generated to form curves 
470a and 470b (cf. FIG. 4). In such embodiments, signalsT 
and T, may be selected on a pulse-width modulated collection 
scheme. Accordingly, all modulation elements 375 of an 
intensity modulation device 273 in intensity modulation 
block 170 may be on the same configuration state at any given 
time. Furthermore, modulation elements 375 may switch 
from clear configuration 575-1 to shaded configuration 
575-3 at a rate having a selected duty cycle on clear con 
figuration 575-1, and a selected duty cycle on shaded con 
figuration 575-3. In some embodiments, detector 230 in 
detector block 180 provides a signal that is proportional to the 
duty cycle of clear configuration 575-3. Accordingly, the 
duty cycle of clear and shaded configurations is adjusted 
for each of wavelength portions 273-i in order to form curves 
470a and 470b. In such embodiments, to form curve 470a a 
clear duty cycle t and a shaded duty cycle t is used. And 
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to form curve 470b the reciprocal combination may be used: 
a clear duty cycle tanda shaded duty cyclet may be used. 
Thus, after a time collection period, t, controller block 185 
may form a signal T and a signal T. Controller block 185 
may use a synchronization scheme in processor circuit 186 
such as to integrate the signal from detector 230 in the inter 
vals corresponding to curve 470a into signal T, and to inte 
grate the signal from detector 230 in the intervals correspond 
ing to curve 470b into signal T. 
0056 FIG. 6 shows a partial view of a system 600 to 
perform an optical measurement of a sample, according to 
some embodiments. System 600 includes a second intensity 
modulation block 170-2 disposed in tandem with intensity 
modulation block 170. Intensity modulation blocks 170 and 
170-2 may operate in an analogous manner. Thus, intensity 
modulation block 170 includes modulation element 375 and 
intensity modulation block 170-2 includes modulation ele 
ment 675. In certain embodiments, modulation element 675 
may be a movable mirror (e.g., in a MEMs array) having three 
configurations: 685-1, 685-2, and 685-3, similar to modula 
tion element 375. In a first configuration 575-1, modulation 
element 375 transmits a light 161 to detector block 180 as 
light 174. In a second configuration 575-3, modulation ele 
ment 375 reflects a light 161 to intensity modulation block 
170-2 as light 501. 
0057. In embodiments as disclosed herein, intensity 
modulation block 170-2 may receive light 501 from intensity 
modulation block 170 when modulation element 375 is in a 
particular configuration, Such as a second or reflecting con 
figuration 575-3. Thus, in some embodiments, light 501 is not 
absorbed into an optical dump (e.g., optical dump 520 shown 
in FIG.5) but reflected to a second intensity modulation block 
170-2. Intensity modulation block 170-2 may direct light 671 
into a detector block 680 when modulation element 675 is in 
a first configuration 685-1. Detector block 680 may be similar 
to detector block 180, described in detail above in relation to 
FIGS. 1 and 2. Thus, detector block 680 may include collec 
tion optics and a detector (e.g., collection optics 285 and 
detector 230, cf. FIG. 2). When modulation element 675 is in 
second or third configuration 685-2 or 685-3, light 601 may 
be directed away from detector block 680. In some embodi 
ments, light 601 may be directed to an optical dump (e.g., 
optical dump 520, cf. FIG. 5), or it may be directed to a third 
intensity modulation blockanalogous to intensity modulation 
blocks 170 and 170-2. Thus, multiple intensity modulation 
blocks may be cascadingly arranged in series so that light is 
reflected from one to another, permitting multiple analyses to 
be performed from the single dispersed light. 
0058. In some embodiments, detector block 680 may be 
the same as detector block 180. Thus, system 600 may be 
optically configured to use a single detector block 180 in 
conjunction with intensity modulation blocks 170,170-2. For 
example, detector 230 in detector block 180 may include a 
split photodetector, a quadrant detector, or a detector having 
multiple photo-sensitive elements. In Such embodiments, the 
optical configuration of a system 600 may include a number 
of photo-sensitive elements in a first portion of detector 230 
receiving light 174 from intensity modulator block 170, and a 
number of photo-sensitive elements in a second portion of 
detector 230 receiving light 671 from intensity modulator 
block 170-2. 
0059 FIG. 6 shows an optical configuration wherein 
modulation element 375 is in 'shaded configuration 575-3 
while modulation element 675 is in clear configuration 685 
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1. Thus, in some embodiments when detector 180 measures a 
signal T, detector 680 measures a signal T, (cf. Eqs. 5.1 and 
5.2). One of ordinary skill in the art may recognize that 
different optical configurations may be used for arranging 
intensity modulation blocks 170 and 170-2 in tandem, as 
illustrated in system 600. 
0060 For example, in some embodiments light 501 may 
be diffracted from intensity modulation block 170 along the 
Yaxis (cf. FIG.3). In that regard, the diffraction of light 501 
from modulation block 170 to modulation block 170-2 may 
be induced by a specific configuration of modulation ele 
ments 375 in block 170. For example, configuration 370a 
may be such that light impinging on the 2D array formed by 
modulation elements 375 is diffracted in the direction of light 
501. Dispersed light 161 is already separated in wavelength 
portions 273-i (A.), with 'i' an integer between 1 and ‘n’ (cf. 
FIG. 2). Pattern 370a may be such that portion 273-1 (AW) 
diffracts light at wavelength w in a similar direction as por 
tion 273j (A) diffracts light at wavelength, with j an 
integer between 1 and n. Thus, substantially all light in 
pattern 370b may be directed to modulation block 170-2. 
Embodiments using a diffraction approach as described 
above may include elements 375 having a dimension smaller 
than the wavelength of dispersed light 161. For example, 
elements 375 in portion 273-1 (Aw) may have a dimension 
smaller than. Likewise, elements 375 in portion 273-i(A) 
may have a dimension smaller than . 
0061 Thus, the choice of pattern 370a and complemen 
tary pattern 370b enables the measurement of a measurable 
property in sample 120. Accordingly, a single device such as 
an intensity modulator block controlled electronically by 
software stored in memory circuit 172 may be readily used to 
upgrade, modify or update system 100 to accommodate addi 
tional or altered measurable characteristics. For example, a 
new measurable property, K, may be introduced by uploading 
a new pattern 370a into memory circuit 172. For example, a 
new measurable property K, may be a new component in 
sample 120. The new component may be simply included by 
uploading a frame forming a pattern 370a (cf. FIGS. 3A and 
3B) into memory circuit 172. Or an entirely new sample 120 
may be analyzed for new measurable properties simply by 
uploading a new library of patterns 370a in memory circuit 
172. 

0062. In some embodiments each of intensity modulation 
blocks 170 and 170-2 may operate at a different wavelength 
region. For example, intensity modulation block 170 may 
operate in the UV or VIS spectral region and intensity modu 
lation block 170-2 may operate in the NIR or the MIR spectral 
region. In that regard, detector 230 in detector block 180 may 
be suitable to measure signals T and T, in the VIS spectral 
region. And detector block 680 may include a detector suit 
able to measure signals T, and T, in the NIR or the MIR 
spectral region. Moreover, while FIG. 6 illustrates blocks 170 
and 170-2 in series, blocks 170 and 170-2 may be arranged in 
parallel, each receiving a portion of light 161 and operating on 
a different part of the spectral region simultaneously. 
0063 FIG. 7 shows a detector 730 in a system to perform 
an optical measurement of a sample, according to some 
embodiments. Detector 730 may include a plurality of photo 
sensitive elements d, in a 2D array. For example, in some 
embodiments detector 730 may be a quadrant detector having 
four photo-sensitive elements arranged in a 2x2 Square 
matrix. One of ordinary skill in the art will recognize that the 
particular shape and arrangement of photosensitive elements 
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d is not limiting. In some embodiments, elements d, may be 
arranged in a square grid, wherei and are integer numbers 
denoting a column (i) and a row (), occupied by element d. 
For example, FIG. 7 shows integeri having values -2, -1, 1, 
and 2. FIG. 7 also shows integer' having values -2 and 2. 
Further according to some embodiments, detector 730 may be 
separated into sectors 741 (Q) and 751 (Q). Elements d, in 
sector 741 are collectively denoted with reference numeral 
745. Elements d, in sector 751 are collectively denoted with 
reference numeral 755. Accordingly, each one of elements d, 
in detector 730 may be independently addressed by a control 
ler (e.g., controller block 185 cf. FIG. 1). 
0064. Accordingly, detector measurements T and T., (cf. 
Eqs. 5.1 and 5.2) may be obtained by two photosensitive 
elements 745a and 755a selected from photosensitive ele 
ments 745 and 755. A photosensitive element 745a perform 
ing measurement T. may be on a first side or a first portion of 
a split detector (e.g., sector Q). And a photosensitive element 
755a performing measurement T, may be on a second side or 
a second portion of the split detector (e.g., sector Q). Accord 
ingly, photo-sensitive elements 745a and 755a may be in 
symmetrical portions of detector 730. Thus, geometric fac 
tors such as optical aberrations may be cancelled out when a 
difference or a ratio of signals from photosensitive elements 
745a and 755a is obtained. 

0065. Furthermore, each of detector measurements T and 
T, may include addition of signals from a plurality of photo 
sensitive elements d. Thus, for example, measurement T., 
may include an addition of signals from photosensitive ele 
ments 745a and 745b, in sector Q, while measurement T. 
may include an addition of signals from photosensitive ele 
ments 755a and 755b, within sector Q. The addition may 
include a combinatorial combination of photosensitive ele 
ments d, in a first portion (sector Q) and a second portion 
(sector Q) of detector 730. 
0066. A photodetector as described having multiple pho 
tosensitive elements is desirable in certain configurations 
because the photodetector can be simultaneously utilized for 
different patterns rather than sequentially measuring a first 
pattern with a first photodetector and second pattern with a 
second photodetector. As such, in certain embodiments, in 
will be appreciated that a detector 180 and a detector 730 may 
be used to process a plurality of patterns from one or more 
DLPs simultaneously rather than sequentially. 
0067 FIG. 8 shows a system to perform an optical mea 
Surement of a sample in a wireline logging application, 
according to some embodiments. Wireline logging includes 
measurements of fluids and substrates in wellbores drilled for 
oil and hydrocarbon exploration. In some embodiments, a 
surface unit 810 includes a processor circuit 811 and a 
memory circuit 812 to provide commands for sensor package 
820 to perform measurements and store data obtained from 
the measurements. In certain embodiments, the Surface unit 
may be a movable surface unit 810, such as a vehicle. Accord 
ingly, once a wellbore 850 has been drilled, wireline mea 
Surements may be performed by introducing sensor package 
820 into wellbore 850, using a wireline 800. Wellbore 850 
may traverse through a ground formation 870. Sensor pack 
age 820 may have one or more components of an optical 
measurement system 100, including an intensity modulation 
block 170 and a detector block 180 as disclosed in various 
embodiments herein. Furthermore, sensor package 820 may 
include a portion of an optical delivery system to deliver input 
light 150 and a portion of an optical collection system to 
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collect sample light 151 (cf. FIG.1). In some embodiments, a 
portion of the light delivery system, light source 110, and a 
controller circuit may be included in surface unit 810. Like 
wise, a portion of the optical collection system may be 
included in surface unit 810, such as detection unit 180, and 
analysis unit 190. In some embodiments, the optical delivery 
system and the optical collection system may include an 
optical fiber, or fiber bundle. The optical fiber or fiberbundle 
carries input light 150 and sample light 151 along wireline 
8OO. 

0068 FIG. 9 illustrates the deployment of an optical mea 
surement system 100 during wellbore drilling operations, 
permitting logging-while-drilling (LWD) application of sys 
tem 100, according to some embodiments. An LWD configu 
ration performs desired measurements, such as acoustic, elec 
tromagnetic and optical data while a wellbore is being drilled. 
According to FIG. 9, a drill string 900 carries a bottom hole 
assembly 918 which includes a drill bit 921 utilized to drilla 
wellbore 950, traversing through ground formation 870. 
Drilling operations may be operated by a controller 905. A 
drilling rig 910 provides structural support to drill string 900. 
Controller 905 may include a processor circuit 906 and a 
memory circuit 907. Memory circuit 907 stores commands 
and data used by processor circuit 906 to control the drilling 
operations, such as controlling one or more functions of bot 
tom hole assembly 918. Bottom hole assembly 918 includes 
a sensor package 920. Sensor package 920 includes one or 
more components of an optical measurement system 100 as 
described in various embodiments herein, for measuring 
characteristics of fluids in wellbore 950, which fluids may 
include drilling fluids, such as drilling mud, as well as forma 
tion fluids. 

0069. With respect to both FIGS. 8 and 9, it will be appre 
ciated that transmission of sample light, dispersed light and 
modulated light may be accomplished in a number of ways 
known in the art, including, but not limited to transmission 
using an optical fiber or optical fiber bundle. As such, the 
components of system 100 may be physically adjacent one 
another or physically separated from one another. For 
example, the Source for providing the illumination or sample 
light may be deployed adjacent the Surface and the light is 
transmitted downhole utilizing an optical fiber. 
0070 FIG. 10 is a flowchart illustrating steps in a method 
1000 for measuring sample properties according to some 
embodiments. Method 1000 may be performed using a sys 
tem to perform an optical measurement of a sample, such as 
system 100 described in detail above (cf. FIG. 1). In that 
regard, steps in method 1000 may be partially or completely 
performed by a user handling optical system 100. Also, steps 
in method 1000 may be partially or completely performed by 
a processor circuit executing commands stored in a memory 
circuit. The processor circuit and the memory circuit may be 
included in an intensity modulation block (e.g., processor 
circuit 171, memory circuit 172, and intensity modulation 
device 173, cf. FIG. 1). The processor circuit and the memory 
circuit may also be included in a controller block (e.g., pro 
cessor circuit 186, memory circuit 187, and controller block 
185, cf. FIG. 1). The processor circuit and the memory circuit 
may be included in an analysis unit (e.g., processor circuit 
191, memory circuit 192, and analysis unit 190, cf. FIG. 1). 
0071 Step 1010 includes providing an illumination light 
to a sample to form a sample light. The illumination light may 
be transmitted through the sample or reflected from the 
sample. Step 1020 includes dispersing the sample light 
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according to wavelength. Step 1030 includes forming a pat 
tern associated with a measurable property of the sample. In 
some embodiments, step 1030 includes performing a linear 
regression analysis of the sample for the measurable property. 
For example, in some embodiments step 1030 includes find 
ing a linear regression vector Such as Vector L.O.), described 
in detail above (cf. Eq. 2). In some embodiments, step 1030 
includes forming a first patternand a second pattern, such that 
for a given wavelength a Sum of a first intensity of light in the 
first pattern and a second intensity of light in the second 
pattern is the total intensity of the sample light in the given 
wavelength. Furthermore, in some embodiments the first pat 
tern includes a first signal from the first intensity of light and 
the second pattern includes a second signal from the second 
intensity of light. 
0072 Step 1040 includes modulating the intensity of the 
dispersed sample light according to the pattern. In some 
embodiments, step 1040 includes controlling a two-dimen 
sional (2D) array of modulating elements arranged so that a 
first dimension is a wavelength dispersion direction. In that 
regard, the 2D array of modulating elements comprises mov 
able mirrors in a micro-electromechanical element system 
(MEMs) and controlling the 2D array of modulating elements 
comprises providing an electronic signal to each of the mov 
able mirrors to adjust the configuration of each mirror. For 
example, providing an electronic signal to each of the mov 
able mirrors may include providing a first signal to a first 
portion of the movable mirrors in the 2D array along a second 
dimension, and may also include providing a second signal to 
a second portion of the movable mirrors in the 2D array along 
the second dimension. Further according to some embodi 
ments the first portion and the second portion of the movable 
mirrors are associated with a regression vector for the mea 
Surable property of the sample. In some embodiments pro 
viding a first signal in step 1040 may include directing the 
dispersed sample light to the detector; and providing the 
second signal may include directing the dispersed sample 
light away from the detector. 
0073. In some embodiments providing a first signal in step 
1040 may include providing a pulse-width modulated signal 
having a first duty cycle; and providing a second signal may 
include providing a pulse-width modulated signal having a 
second duty cycle. Accordingly, the first portion of movable 
mirrors provided with the first signal in step 1040 may include 
all the mirrors along the second dimension of the 2D array. 
Likewise, the second portion of movable mirrors provided 
with the second signal in step 1040 may include all the mir 
rors along the second dimension of the 2D array. 
(0074 Step 1050 includes detecting the modulated and 
dispersed sample light with a detector. Step 1060 includes 
forming a first signal and a second signal provided by the 
detector. In some embodiments, step 1060 may be partially 
performed by the controllerblock to form a first signal T and 
a second signal T, as described in detail above (cf. Eqs. 5.1 
and 5.2). Step 1070 includes obtaining, using a processor 
circuit, a value for the measurable property of the sample with 
the first signal and the second signal. In some embodiments, 
step 1070 may include the processor circuit in the analysis 
unit performing calculations including the operations 
described in detail above (cf. Eqs. 6 and 7). As such, the 
measurable property obtained from the first signal and second 
signal may be used to make a determination about the sample, 
Such as the chemical composition of the sample. 
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0075 Thus, optical system for the measurement of sample 
properties has been described. Embodiments of the optical 
system may generally be characterized as an illumination 
Source to provide a sample light; a dispersive element to 
disperse the sample light into wavelength portions; an inten 
sity modulation device comprising an array of modulation 
elements electronically controllable to provide a modulated 
sample light including a selected portion of the dispersed 
sample light; a signal detector, and collection optics to direct 
the modulated sample light to the detector. For any of the 
foregoing embodiments, the optical system may include any 
one of the following elements, alone or in combination with 
each other: 
0076. The modulation elements are electronically control 
lable to provide a complimentary modulated sample light 
including a second selected portion of the dispersed sample 
light. In such case, the modulated and complimentary modu 
lated sample lights may form complimentary light patterns. 
0077. A difference between a pattern and a complemen 
tary pattern may be a linear regression vector associated with 
a measurable property of the sample. 
0078. A ratio of a pattern to a sum of the pattern and a 
complementary pattern is a linear regression vector associ 
ated with a measurable property of a sample. 
007.9 The optical system includes a processor circuit and 
a memory circuit, wherein at least one pattern is stored in the 
memory circuit. 
0080. An array of modulation elements comprises at least 
one integrated computational element selected to measure a 
measurable property of the sample. 
0081. The detector is a split detector and includes a first 
detector area; and a second detector area. 
0082. A first detector area may consist of one specific 
portion or combinatorial combination of quadrants in a quad 
rant detector and a second detector area is a different quadrant 
or combinatorial combination of quadrants in the quadrant 
detector. 
0083. A first detector area may consist of one specific 
portion or combinatorial combination of photosensitive ele 
ments in an array detector and a second detector area is a 
different element or combinatorial combination of photosen 
sitive elements in an array detector. 
0084. At least two intensity modulation devices, wherein 
each intensity modulation device comprises a DLP mecha 
1S. 

0085 Intensity modulation devices arranged in series. 
I0086 Intensity modulation devices arranged in parallel. 
0087 Moreover, embodiments of a method for measuring 
sample properties may generally be characterized as provid 
ing an illumination light to a sample to yield a sample light; 
dispersing the sample light according to wavelength; forming 
a pattern associated with a measurable property of the 
sample; modulating the intensity of the dispersed sample 
light according to the pattern; detecting the modulated and 
dispersed sample light with a detector; forming a first signal 
and a second signal provided by the detector, and obtaining a 
value for the measurable property of the sample with the first 
signal and the second signal. For any of the foregoing 
embodiments, the method may include any one of the follow 
ing steps, alone or in combination with each other: 
0088 Forming a pattern comprises performing a linear 
regression analysis of the sample for the measurable property. 
0089 Forming a pattern comprises forming a first pattern 
and a second pattern Such that for a given wavelength, a Sum 
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of a first intensity of light in the first pattern and a second 
intensity of light in the second pattern is the total intensity of 
the sample light in the given wavelength. 
0090. A first pattern comprises the first signal and the 
second pattern comprises the second signal. 
0091 Modulating the intensity of the dispersed sample 
light comprises controlling a two-dimensional (2D) array of 
modulating elements arranged so that a first dimension is a 
wavelength dispersion direction, wherein the 2D array of 
modulating elements may comprise a plurality of movable 
mirrors in a micro-electromechanical element system 
(MEMs). 
0092. Where a 2D array of modulating elements com 
prises movable mirrors in a micro-electromechanical element 
system (MEMs), controlling the 2D array of modulating ele 
ments comprises providing an electronic signal to each of the 
movable mirrors. In Such case, providing an electronic signal 
to each of the movable mirrors may comprise providing a first 
signal to a first portion of the movable mirrors in the 2D array 
along a second dimension; and providing a second signal to a 
second portion of the movable mirrors in the 2D array along 
the second dimension. 
0093. A first portion and a second portion of movable 
mirrors are associated with a regression vector for the mea 
Surable property of the sample. 
0094 Providing a first signal comprises directing the dis 
persed sample light to the detector; and providing a second 
signal comprises directing the dispersed sample light away 
from the detector. 
0.095 Providing a first signal comprises providing a pulse 
width modulated signal having a first duty cycle; and provid 
ing a second signal comprises providing a pulse-width modu 
lated signal having a second duty cycle. 
0096. A first portion of movable mirrors comprises all the 
mirrors along a second dimension of a 2D array. 
0097. A sample is disposed within a wellbore and com 
prises a fluid disposed in the wellbore. 
0098. Furthermore, embodiments of a system for mea 
Surement of a sample property during hydrocarbon recovery 
operations may generally be characterized as having a struc 
ture deployed in a wellbore; an illumination source to provide 
a sample light; a dispersive element to disperse the sample 
light into wavelength portions; an intensity modulation 
device comprising an array of modulation elements electroni 
cally controllable to provide a modulated sample light includ 
ing a selected portion of the dispersed sample light; a signal 
detector, and collection optics to direct the modulated sample 
light to the detector, wherein one or more of the dispersive 
element, intensity modulation device, signal detector and col 
lection optics are carried in the wellbore by the structure. For 
any of the foregoing embodiments, the system may include 
any one of the following elements, alone or in combination 
with each other: 

0099. A structure is selected from the group consisting of 
a wireline, a slickline, coiled tubing or a drill String. 
0100. The modulation elements are electronically control 
lable to provide a complimentary modulated sample light 
including a second selected portion of the dispersed sample 
light. In such case, the modulated and complimentary modu 
lated sample lights may form complimentary light patterns. 
0101. A difference between a pattern and a complemen 
tary pattern may be a linear regression vector associated with 
a measurable property of the sample. 



US 2016/O 187252 A1 

0102) A ratio of a pattern to a sum of the pattern and a 
complementary pattern is a linear regression vector associ 
ated with a measurable property of a sample. 
0103) The optical system includes a processor circuit and 
a memory circuit, wherein at least one pattern is stored in the 
memory circuit. 
0104. An array of modulation elements comprises at least 
one integrated computational element selected to measure a 
measurable property of the sample. 
0105. The detector is a split detector and includes a first 
detector area; and a second detector area. 
0106 A first detector area may consist of one specific 
portion or combinatorial combination of quadrants in a quad 
rant detector and a second detector area is a different quadrant 
or combinatorial combination of quadrants in the quadrant 
detector. 
0107 A first detector area may consist of one specific 
portion or combinatorial combination of photosensitive ele 
ments in an array detector and a second detector area is a 
different element or combinatorial combination of photosen 
sitive elements in an array detector. 
0108. At least two intensity modulation devices, wherein 
each intensity modulation device comprises a DLP mecha 
1S. 

0109 Intensity modulation devices arranged in series. 
0110 Intensity modulation devices arranged in parallel. 
0111 Embodiments described herein are exemplary only. 
One skilled in the art may recognize various alternative 
embodiments from those specifically disclosed. Those alter 
native embodiments are also intended to be within the scope 
of this disclosure. 
What is claimed is: 
1. An optical system for the measurement of sample prop 

erties comprising: 
an illumination source to provide a sample light; 
a dispersive element to disperse the sample light into wave 

length portions; 
an intensity modulation device comprising an array of 

modulation elements electronically controllable to pro 
vide a modulated sample light including a selected por 
tion of the dispersed sample light; 

a signal detector; and 
collection optics to direct the modulated sample light to the 

detector. 
2. The optical system of claim 1 wherein the modulation 

elements are electronically controllable to provide a comple 
mentary modulated sample light including a second selected 
portion of the dispersed sample light. 

3. The optical system of claim 2 wherein a difference 
between a sample light pattern and a complementary sample 
light pattern is a linear regression vector associated with a 
measurable property of the sample. 

4. The optical system of claim 2 wherein a ratio of a sample 
light pattern to a Sum of the pattern and a complementary 
sample light pattern is a linear regression vector associated 
with a measurable property of the sample. 

5. The optical system of claim 1 further comprising a 
processor circuit and a memory circuit, wherein at least one 
pattern is stored in the memory circuit. 

6. The optical system of claim 1 wherein the array of 
modulation elements comprises at least one integrated com 
putational element selected to measure a measurable property 
of the sample. 
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7. The system of claim 1 wherein the signal detector is a 
split detector and comprises 

a first detector area; and 
a second detector area. 
8. The system of claim 7 wherein the first detector area is 

one specific portion or combinatorial combination of quad 
rants in a quadrant detector, and the second detector area is a 
different quadrant or combinatorial combination of quadrants 
in the quadrant detector. 

9. The system of claim 7 wherein the first detector area is 
one specific portion or combinatorial combination of photo 
sensitive elements in an array detector, and the second detec 
tor area is a different element or combinatorial combination 
of photosensitive elements in an array detector. 

10. A method for measuring sample properties comprising: 
providing an illumination light to a sample to yield a 

sample light; 
dispersing the sample light according to wavelength; 
forming a pattern associated with a measurable property of 

the sample: 
modulating the intensity of the dispersed sample light 

according to the pattern; 
detecting the modulated and dispersed sample light with a 

detector; 
forming a first signal and a second signal provided by the 

detector, and 
obtaining a value for the measurable property of the sample 

with the first signal and the second signal. 
11. The method of claim 10 wherein forming a pattern 

comprises performing a linear regression analysis of the 
sample for the measurable property. 

12. The method of claim 10 wherein forming a pattern 
comprises forming a first pattern and a second pattern Such 
that for a given wavelength, a Sum of a first intensity of light 
in the first patternand a second intensity of light in the second 
pattern is the total intensity of the sample light in the given 
wavelength. 

13. The method of claim 12 wherein the first pattern com 
prises the first signal and the second pattern comprises the 
Second signal. 

14. The method of claim 10 wherein modulating the inten 
sity of the dispersed sample light comprises controlling a 
two-dimensional (2D) array of modulating elements arranged 
so that a first dimension is a wavelength dispersion direction. 

15. The method of claim 14 wherein the 2D array of modu 
lating elements comprises a plurality of movable mirrors in a 
micro-electromechanical element system (MEMs); and 

controlling the 2D array of modulating elements comprises 
providing an electronic signal to each of the movable 
mirrors. 

16. The method of claim 15 wherein providing an elec 
tronic signal to each of the movable mirrors comprises: 

providing a first signal to a first portion of the movable 
mirrors in the 2D array along a second dimension; and 
providing a second signal to a second portion of the 

movable mirrors in the 2D array along the second 
dimension. 

17. The method of claim 16 wherein the first portion and 
the second portion of the movable mirrors are associated with 
a regression vector for the measurable property of the sample. 

18. The method of claim 16 wherein providing the first 
signal comprises directing the dispersed sample light to the 
detector, and 
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providing the second signal comprises directing the dis 
persed sample light away from the detector. 

19. The method of claim 16 wherein providing the first 
signal comprises providing a pulse-width modulated signal 
having a first duty cycle; and 

providing the second signal comprises providing a pulse 
width modulated signal having a second duty cycle. 

20. The method of claim 19 wherein the first portion of the 
movable mirrors comprises all the mirrors along the second 
dimension of the 2D array. 

21. The method of claim 1, wherein the sample is disposed 
within a wellbore and comprises a fluid disposed in the well 
bore. 

22. A system for measurement of a sample property during 
hydrocarbon recovery operations, the system comprising: 

a structure deployed in a wellbore, 
an illumination source to provide a sample light; 
a dispersive element to disperse the sample light into wave 

length portions; 
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an intensity modulation device comprising an array of 
modulation elements electronically controllable to pro 
vide a modulated Sample light including a selected por 
tion of the dispersed sample light; a signal detector; and 
collection optics to direct the modulated sample light to 
the detector, wherein one or more of the dispersive ele 
ment, intensity modulation device, signal detector and 
collection optics are carried in the wellbore by the struc 
ture. 

23. The system of claim 22, wherein the structure is 
selected from the group consisting of a wireline, a slickline, 
coiled tubing or a drill String. 

24. The system of claim 22, further comprising at least two 
intensity modulation devices, wherein each intensity modu 
lation device comprises a DLP mechanism. 

25. The system of claim 24, wherein the intensity modula 
tion devices are arranged in series. 

26. The system of claim 24, wherein the intensity modula 
tion devices are arranged in parallel. 
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