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ARTICLE INFO ABSTRACT
Keywords: We proposed an original type of multipass cell named symmetric optical multipass matrix system
Multipass matrix systems (SMMS), in which the same matrix patterns of various sizes can be formed on both sides.

Evolutionary optimization algorithm

According to its special symmetric configurations, the SMMS design problem is modeled as a
Optical path length

variant of the classical traveling salesman problem, which can be rapidly solved by evolutionary
optimization algorithms. Two sets of 3-mirror SMMSs are designed, analyzed and built, which
show superior characteristics of high stability, desirable beam quality and adjustable optical path
lengths. Additionally, they can support simultaneous detection of multiple species with multi-laser
channels. The proposed method is further extended to design a 4-mirror SMMS, which verifies
the universality and robustness of the design methodology. The experimental observations are in
consistent with the theoretical calculations. The newly proposed SMMSs have a broad application
prospect in trace gas measurement.

1. Introduction

Laser spectroscopic trace-gas sensing technology is important for monitoring and increasing the understanding of greenhouse
gas and air pollutant emissions, atmospheric chemistry and industrial processes [1,2]. Tunable diode laser absorption spectroscopy
(TDLAS) has become an important and powerful tool for the detection of trace gases in industry and research due to its high sensitivity,
good accuracy and selectivity [3—-6]. Multipass cells (MPCs) with long optical path lengths (OPLs) are key components in the TDLAS
technique. MPC design can be a significant contributor to achieving drastic improvement in TDLAS detection sensitivity. An ideal
MPC for trace gas sensing should have the following attributes:

(1) A long effective optical path length (typically path lengths up to several hundred meters are needed) [7].

(2) Desired spot pattern with perfect regularity and easy identification of reflections and optical path length [8].

(3) High utilization rate of the mirror surfaces [9].

(4) Good optomechanical stability. In particular, the MPC should be insensitive to thermal changes and mechanical vibrations [10].
(5) Simplicity of alignment and pathlength adjustment [11].

(6) Support for multiple beam pathlength (for simultaneous multiple species detection) [12,13].

(7) Cost-effective (e.g. the use of standard concave spherical mirrors).
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Recently, various types of MPCs have been employed for gas detection successfully, such as Herriott-type cells [14], White-type
cells [15] and toroidal type cells [16,17]. A classical Herriott cell consists of two identical spherical mirrors facing each other. The
effective utilization rate of the mirror surfaces is comparatively small. To overcome such drawbacks, some researchers use a pair of
astigmatic mirrors instead of spherical mirrors to form complex Lissajous spot patterns [18,19]. However, the cost of making highly
precise astigmatic mirrors is prohibitively high. Some researchers, in recent years, have designed Herriott-type cells with concentric
and independent circular patterns, which have obvious regularity and a high optical path length to volume ratio [9,10,20-23].
Nevertheless, spot deformation is serious and too complex to analyze meticulously. Additionally, the distance between the two
spherical mirrors is relatively small that the optical path length is usually in the range of a few meters or tens of meters. Hence such
MPCs are more suitable for making miniaturized portable devices.

A White cell [15], including its improvements, possesses three spherical mirrors of equal curvature radius. A mirror is placed at
a distance equal to the radius of curvature from the other two mirrors. This kind of cell can form one or two rows of spots, but the
aberration is serious, and the stability is poor. A matrix spot pattern can be formed by adding optical elements such as sets of mirrors,
cubic angles or prisms to the White cell [11]. Such a design significantly increases the optical path length and improves the stability
of the system. However, the introduction of the non-spherical elements may cause significant errors to the pass of the light [24]. In
1991, Chernin proposed two versions of optical multipass matrix systems (MMSs). One set is composed of a primary mirror and an
auxiliary field mirror placed relative to three objective mirrors, and the other set is equipped with four objective mirrors [25-28].
By changing the placement angle of the mirrors, matrix patterns of even rows and arbitrary columns can be formed on the primary
mirror of the MMSs but not on the other side. In 2016, Guo designed an optical system composed of four asymmetric spherical mirrors
to enhance the robustness of the Chernin’s four-objective MMS [29]. Two years later, he made further improvements to this by using
slicer mirrors to reduce alignment difficulty and improve system compactness [30].

In 2013, T. Mohamed designed a cell with a confocal placement of three mirrors to three mirrors, which achieved relatively
uniform spot patterns on both sides of the cell [31]. In 2021, Xia searched parameters randomly in a cell with the same structure,
forming matrix patterns on both sides. The incomplete matrix patterns on the two sides were not symmetric [7], and the search time
for the design parameters of the cell was as long as two days.

MMSs effectively overcome the severe aberration and poor stability of the traditional White cell. They have high utilization ratio
of mirrors and very long adjustable optical pathlengths, which are suitable for trace gas monitoring. Table 1 shows the comparison
of different confocal MPCs (especially MMSs) with spherical mirrors. The previous designs are not ideal and lack of general rapid
design strategies. The newly designed SMMSs overcome the deficiencies that the inlet and outlet windows are adjacent, and can form
adjustable matrix on both sides. Under the special symmetric configurations, only one side of the system should be considered during
the design process, which greatly reduces the dimension of the complex problem. Based on the confocal principle, the design process
of the matrix patterns on one side can be modeled as a variant of the classical traveling salesman problem, which can be rapidly solved
by intelligent optimization algorithms. As a result, two sets of 3-mirror SMMSs are designed, analyzed and built, which show superior
characteristics of high stability, desirable beam quality and adjustable optical path from a few meters to several hundred meters.
Additionally, they can support simultaneous detection of multiple species with multi-laser channels. The proposed method is further
extended to design a 4-mirror SMMS, which verify the universality and robustness of the design methodology. The experimental
observations are in good agreement with the theoretical calculations. The newly proposed SMMSs have a broad application prospect
in trace gas measurement.

2. The principles of designing SMMSs and a traveling salesman problem model

On account of the special symmetric configurations, only mirrors and image patterns on one side of the system should be considered
during the design process. Based on the confocal principle, object and image points lie on a straight line that has its midpoint at the
curvature center of the reflecting mirror [15], the design process of the matrix patterns on one side can be modeled as a matrix
traveling salesman problem (matrix-TSP). Therefore, the complex three-dimensional problem of beam propagation in a confocal MPC
with multiple spherical mirrors can be simplified to a two-dimensional problem with discrete variables.

A matrix pattern with m rows and n columns contains mn images. The initial image with an access order of O is fixed in the
upper-right corner of the matrix, and the remaining images are recorded as v = {v;,v,,...,0,,,_; }. The variable to be solved is the
access order of all the remaining images p = (py, 3. ..., Pun—1)> With p; € v(i = 1,2, ...,mn — 1). The constraint is that each image should
be visited only once. The number of midpoints of all successive access images N represents the number of curvature centers of the
opposite side mirrors. The optimization goal for matrix-TSP is to min{|N-3|}, and the optimal solution is the formation order of
the matrix pattern on one side of the system. The matrix-TSP can be easily solved in various methods. Many kinds of evolutionary
optimization algorithms are very efficient in solving such problems. We took a genetic algorithm (GA) with order encoding coded
in MATLAB, which can easily find the best solutions of the problem with appropriate scales in several minutes. The solution of the
matrix-TSP is the formation order of the matrix pattern on one side of an SMMS. To realize symmetric matrix patterns and mirror
configurations on two sides, we invert the image formation order to obtain the formation sequence of the matrix pattern on the other
side. Considering the image formation order on two sides, the images can be classified into different specular surfaces. We will try to
extend the row and column of the matrix if it can be divided into three nonoverlapping rectangular parts.

The 3-mirror SMMS design strategy proposed in this paper can be adapted to design 4-mirror SMMSs. The constraint condition is
changed: each image can be accessed no more than twice. In addition, the optimization goal needs to be changed to min{|N —4|} and
the matrix pattern found is used on the inlet side. If the matrix pattern can be spatially divided into four nonoverlapping rectangular
mirrors, a 4-mirror SMMS is successfully designed.
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Table 1
Comparison of different confocal MPCs with spherical mirrors.
Type Ref. RowsxColumns?® Mirror Number Matrix on: Adjacent In/Out  Adjustable OPL Overlap
Previous research
White [15] 1xn 1,2 field No Yes No
[32] 2Xn 1,2 field No Yes No
[33] mx?2 1,2 field Yes Yes No
Shetter et al. [34] mx nP 1,m field No Yes No
Chernin [25] m(even) X n 2,3 field Yes Yes No
(3-mirror)
[27] m(even) X n 2,3 field No Yes No
Cherl.nn [25] m(even) X n 2,4 field Yes Yes Yes
(4-mirror)
[28-30] m(odd) X n 2,4 field No Yes Yes
T. Mohamed [31] disorderly pattern 3,3 both Yes® No Yes
Jin Baoxia [71 Incomplete matrix 3,3 both Yes® No Yes
Present design
3-mirror SMMS-I m(even) X n 3,3 both Nod Yes No
3-mirror SMMS-II m(even) X n 3,3 both No¢ Yes No
4-mirror SMMS m(even) X n® 4,4 both Nod Nof Yes

2 m, n are natural numbers, limited by the dimensions of the mirror.

b A matrix with some distortion.

¢ The beam exits through the same hole from which it entered the system.

d The inlet/outlet beam is separated to two sides of the system, which provides great convenience for system assembly.
¢ There are some missing matrices.

f OPL is not easy to adjust in an established system but available to choose in a wide range for practical use.

3-mirror SMMS-1 3-mirror SMMS-II
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Fig. 1. Two kinds of 3-mirror SMMS configurations and matrix patterns. The inlet window is ‘in’, and the outlet window is ‘out’. Points of different colors represent
images on different mirror surfaces. The curvature centers of mirrors on one side are represented on the opposite side by crosses with the same color. The object and
image points corresponding to the curvature centers are connected by the same color. The numbers to the right of the points indicate the order of matrix formation.
Black lines separate the mirrors.

3. Results
3.1. Construction of 3-mirror SMMSs

After searching for an hour, we finally designed two sets of 3-mirror SMMSs, 3-mirror SMMS-I and 3-mirror SMMS-II. The con-
figuration of both sides of the systems and the formation orders of the matrix patterns of 3-mirror SMMSs are shown in Fig. 1. The
B side shows the matrix pattern which is the solution of the matrix-TSP, representing the formation sequence of images at the outlet
side of SMMS-I and II; the A side shows the formation sequence of images at the inlet side of SMMS-I and II, with an opposite order
to that of the B side.

3-mirror SMMS-I and 3-mirror SMMS-II both have two sets of three concave spherical rectangular mirrors of the same size, and all
mirrors have the same radius of curvature R, which equals the distance between the A side and the B side of the system. A Cartesian
coordinate system is defined with the origin at the midpoint of the line that connects the geometric center of mirrors at two sides,
and the direction of the z-axis is along this line. The row and column spacing of the matrix are represented by d; and d, respectively.
C; ~ Cg are the curvature centers of mirrors M; ~ M.

3.1.1. 3-mirror SMMS-I

The construction of SMMS-I is illustrated in Fig. 2(a). In 3-mirror SMMS-I, the length of M, &M, M,& M5, M3& Mg is nd.., d..,
(n — 1)d, along the x-axis, and md, /2 along the y-axis. The positions of the inlet window, the first image on the B side, the outlet
window, the curvature centers C; ~ C4 are expressed as Eq. (1).
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Fig. 2. The structure of 3-mirror SMMS-I. (a) 3D schematic diagram. (b) (c) 2D matrix patterns on both sides of the system.
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As seen from the formation sequence of the image marked in Fig. 2 (b) and (c), the propagation mode of the optical rays in the
system is as follows: light enters the system through the inlet window on the A side and creates image O on the B side. Conjugated
mirrors M; and M; successively focus the inlet window image on the B side with a displacement of d, to form two lines of images
(denoted by yellow circles) until image 2n — 1 is formed on mirror Ms. Then, the light is reflected onto the A side, forming image 2n,
which has an offset shift by d, relative to the entry position along the y-axis. As if it has been emitted from a new inlet window, the
light is then directed to the B side, forming image 2n on mirror M,, whose position is offset from image 0. To make image 2n and
image O at the same place along the x-axis, the distance between curvature centers C, and C; must be equal to (n — 1)d,. /2 along the
x-axis. The distance between image 2n and 0, d,, is twice as far away from curvature centers C, and C; along the y-axis. The shift
of image 2n will cause the formation of the next pair of spots (denoted by blue circles) until image 4n — 1 forms on mirror Ms. The
next pair of images will be shifted in turn on the basis of the above rules until the light passes through the outlet window. Then, a
complete matrix pattern of m rows and n columns has been formed on the B side, and the same pattern has been formed on the A
side by similar rules. If the light path is reversed in this system and the light is incident from the outlet window, the same result will

be obtained as in the original system.
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Fig. 3. Examples of matrix patterns (B side) of 3-mirror SMMS-I.

The number of the passages in SMMS-I is determined by the formula: pass =2m - n — 1, where the number of rows, m is an even
number (m =2,4,6,...) and the number of columns, n is a natural number (n = 2,3,4,...). When the inlet and outlet windows have
relatively fixed positions to the mirrors, the number of rows and columns of matrix patterns can be changed by adjusting the incident
direction and the positions of the curvature centers to obtain different optical path lengths required for measurement. When the row
spacing is constant, if image O on the B side moves d; along the positive or negative direction of the y-axis, the matrix increases or
decreases by two rows. When the column spacing is constant, if the curvature centers C;, C3 and C,, Cs move d,. /2 in the positive or
negative direction of the x-axis, the matrix decreases or increases by one column. Fig. 3 provides examples of matrix patterns on the
B side. Each number represents an image and indicates its creation order. The red crosses are the curvature centers, and the black
lines separate different mirrors.

3.1.2. 3-mirror SMMS-II

The construction of SMMS-II is illustrated in Fig. 4(a). In 3-mirror SMMS-II, the length of M| &M,, M,&Ms, M;& Mg is md, /2,
d;, (m/2 — 1)d, along the y-axis, and nd, along the x-axis. The positions of the inlet window, the first image on the B side, the outlet
window, and the curvature centers C; ~ Cy are expressed as Eq. (2).

m(”;ldc,—%,g) BO(”;ldc,’”;ld,,—g)
_ d
out(nTldc,—E],—g)
cl(o,o,—g) Cz(—%dc,mT_zd,,—g) 2
C,0.-1d-%) 0,0,
CS(—%dC,mT_zd,,g) cé(o,—%dl,g)

As seen from the formation sequence of the image marked in Fig. 4(b) and (c), the propagation mode of the optical rays in the
system is as follows: Conjugated mirrors M; and M; successively focus the inlet window image on the B side with a displacement
of d; to form two columns of images (different pairs of columns are denoted by circles of different colors). When an image forms on
mirror My, it will symmetrically offset with the center of C,, thus forming a new pair of columns of images. After the beam passes
through the outlet window, a complete matrix pattern of m rows and n columns is formed on the B side, and the same pattern is
formed on the A side by similar rules.

The number of the passages in SMMS-II is determined by the formula: pass =2m - n — 1, where the number of rows, m is an even
number (m =4,6,...) and the number of columns, n is a natural number (n = 1,2,3,...). When the inlet and outlet windows have
relatively fixed positions to the mirrors, the number of rows and columns of the matrix patterns can be changed by adjusting the
incident direction and the positions of the curvature centers to obtain different optical path lengths required for measurement. When
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Fig. 4. The structure of 3-mirror SMMS-II. (a) 3D schematic diagram. (b) (¢) 2D matrix patterns on both sides of the system.

the row spacing is constant, if image 0 on the B side moves d; and curvature centers C, and Cs; move d,/2 along the positive or
negative direction of the y-axis, the matrix increases or decreases by two rows. When the column spacing is constant, if the curvature
centers C; ~ C; and C, ~ C4 move d. /2 in the positive or negative direction of the x-axis, the matrix decreases or increases by one
column. Fig. 5 provides examples of the matrix patterns on the B side. Each number represents an image and indicates its creation
order. The red crosses are the curvature centers, and the black lines separate different mirrors.

3.2. Construction of 4-mirror SMMS

As shown in Fig. 6, we have found a matrix pattern that meets the requirements of the 4-mirror SMMS setup mentioned earlier.
The inlet window is located at image O on the inlet side, while the outlet window is located at number 17 on the outlet side. When
analyzing the pattern formation rule on the outlet side shown in Fig. 6, mirrors M; &M, or M,&M; on the outlet side and all the
mirrors on the inlet side can be regarded as a set of White cell. The blue lines connect images formed by conjugate mirrors M, and
M,, while the green lines connect the images formed by M, and M;. The matrix pattern on the outlet side can be formed in the
same way.

We further expanded the matrix pattern to other rows and columns, taking Fig. 7(a) as a case in point. The first point is fixed on the
curvature center of M when expanding the matrix patterns. The matrices formed by this reflection law are missing in some rows and
columns: some special matrices such as 8 X5 and 8 x 11, the matrices with n+ (2n— 1)x rows, n columns and the matrices with m rows,
m+ (2m — 1)x columns can not form completely, where x =0, 1,2, .... An incomplete matrix is formed under the following conditions:
The object point happens to fall on the position of the curvature center that will form the next image point before forming a complete
matrix. In this case, the object point, the image point and the related curvature center is located at an identical position. If there is
no outlet window on the A side, the beam will leave the system from the inlet window in the direction opposite to the direction of
incidence, which cause the complete matrix formation to be terminated. Fig. 7 (b) and (c) shows the examples of incomplete matrices
of 8 X 5 and 4 X 4 respectively. Once the complete matrix is formed and the beam exit from the outlet window on the A side which
is symmetrical to the inlet window on the B side, the number of the passages in a 4-mirror SMMS is: pass =4mn —2(m+n) + 1.
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Fig. 5. Examples of matrix patterns (B side) of 3-mirror SMMS-II.
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Fig. 6. The configuration and matrix pattern of the 4-mirror SMMS.

4. Discussion
4.1. Analysis of 3-mirror SMMSs

4.1.1. Stability analysis

Stability is an essential criterion in the design of an MPC. Due to mechanical vibrations in practical applications, there can be
changes in the placement of mirrors and the angles of incidence. Hence it is important to analyze the stability of the configuration of
3-mirror SMMSs. When the positions of curvature centers C; ~ C; or image 0 on the A side are changed, the matrix pattern on the
B side can be maintained as long as the corresponding images on the A side are still on their original mirrors. The rule also applies
to changing the parameters of the B side. Owing to the symmetric construction of the systems, only the corresponding parameters
located on one side must be analyzed. Therefore, slight disturbances are only introduced into the positions of image 0 and curvature
center C; ~ C; located at the B side during the analysis. The following analysis holds true for both 3-mirror SMMS-I and II.

According to the principle of stability of even images in the MMS [35], it is better to mount the mirrors on the same side on a
single plate or use one freedom surface instead of the original separated surfaces [36] to obtain greater stability. In this circumstance,
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Fig. 7. Examples of patterns of 4-mirror SMMS.
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Fig. 8. Observed matrix patterns in two sets of 3-mirror SMMSs. (a)-(¢)3-mirror SMMS-I. (d)-(f)3-mirror SMMS-IL.

if the displacement of C; ~ C; on the B side is r, the displacement of the odd images on the B side is 2r, while the positions of even
images remain the same. To ensure that the emergent beam can leave through the exit hole, it is preferable to fix the outlet window
at the position of the even image mn — 2. Additionally, when the displacement of image O is r, all the odd images’ displacement is
—r, while all the even images’ displacement is r. In conclusion, under the condition that the mirrors on the same side of the SMMSs
are fixed to each other, the image position errors do not accumulate, and the stability of the final image is high.

4.1.2. Matrix deviation and beam quality analysis
If the system has a shorter base length, the deviation of the light from the optical axis is greater, thus the distortion of the matrix

patterns is more serious. We also used ray tracing simulation software to model the parameters of the SMMSs used in our experiments.
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Fig. 9. Examples of dual-laser channel SMMSs. Each color represents the images of one particular laser channel. The red crosses are the curvature centers.

The simulation reveals that the circular light spots exhibited minimal distortion and were uniformly distributed as a perfect matrix.
In the design of SMMS, it is necessary to optimize the distance of light spot from the axis and the angle between light and optical
axis to ensure that the paraxial approximation conditions are met. This constraint helps ensure the integrity of the light spot matrix
without distortion. Otherwise, the effect of aberration on the measurement effect needs to be considered, which can lead to significant
distortion in the shape of the matrix light spots and may even cause the light to exit through gaps or the edges of the mirrors. In order
to satisfy the condition of paraxial approximation, we set d and R to 1000 mm and limited the largest total length of one side of the
mirrors to 50 mm.

Two sets of SMMSs have been successfully built in the laboratory. Fig. 8 presents the matrix patterns with 8 rows and 9 columns
on both sides of the two 3-mirror SMMSs. Fig. 8(a) and (d) show the setups of SMMS-I and SMMS-II, respectively. The matrix patterns
on the inlet and outlet sides of SMMS-I are shown in Fig. 8(b) and (c), respectively, while those of SMMS-II are shown in Fig. 8(e) and
(f). It is clear that the beam spots of a semiconductor laser have no noteworthy distortion. The images remain the same on each side
of the two systems, and the images on the A side are smaller than those on the B side. This observation is in great agreement with the
theory that only two beam shapes will appear alternately and remain constant after any number of reflections in a perfectly confocal
cavity [37]. Consequently, SMMSs have a great tolerance for the dimension of the images and the exact waist of the laser beam. In
contrast to the Herriott cell, the 3-mirror SMMSs based on the confocal properties have a longer optical path length and lower field
aberration. This makes them suitable for working in a cylindrical unit of a high-resolution infrared laser spectrometer [25].

4.1.3. Multi-laser channel analysis

Multispecies trace gas sensing is becoming increasingly important in a diverse range of applications. The newly designed SMMSs
have the attractive character of special symmetric configurations, which offers convenience to design multiple independent laser
channels of different optical path lengths. It can measure the concentration of various gases simultaneously. Fig. 9 shows the examples
of dual-laser channel SMMS-I and II.

On mirror M, and M3, there are two pairs of inlet windows and outlet windows used to form two laser channels, which do
not interfere with each other and have different optical path lengths. Because the inlet and outlet windows are located on different
sides of the system, it is easy to assemble and adjust the laser and receiver devices. The formation orders of the matrix patterns of
each channel conform to the law described above. The multi-channel gas cell helps to realize the multi-range detection of one gas
or the simultaneous detection of several gases [12,13,38]. By introducing two laser beams of different wavelengths into the dual
channels, our system can simultaneously measure gases with distinct absorption wavelengths. Each channel, having different optical
path lengths, is tailored to detect gases within different concentration ranges. This makes our system suitable for simultaneously
measuring gases with varying detection limits. The pathlength of the blue images in Fig. 9 is longer, which is suitable for detecting
gases with lower concentrations. It should be noted that more laser channels can be configured in the SMMSs if needed.

4.2. Experimental verification and analysis of 4-mirror SMMS

A 4-mirror SMMS is built and the reflection order of the matrix pattern is demonstrated by the experimental results. The matrix
pattern with 4 rows and 8 columns observed in the experiment is shown in Fig. 10, which is consistent with the calculation of the
theoretical matrix pattern and forming order shown in Fig. 7 (a).

The 3-mirror SMMSs and the 4-mirror SMMS all have charming symmetrical structures and separate inlet/outlet windows at two
sides of the systems. This advantage makes SMMSs promising MPCs for multi species detection by establishing independent multi-laser
channels with different optical path lengths. With the same base length and matrix size, a 4-mirror SMMS has a longer optical path
length owing to its overlapping matrix patterns, while 3-mirror SMMSs are easier to adjust because of the simpler laws of reflection.
In accordance with their characteristics, an appropriate SMMS can be chosen easily to satisfy the practical measurement. This study
demonstrates that the proposed design methodology can be further extended to more complex SMMSs design and optimization.
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Fig. 10. Observed matrix patterns after 105 passes of semiconductor laser radiation in the 4-mirror SMMS.

5. Conclusion

In conclusion, we propose a new type of multipass cell named symmetric optical multipass matrix system (SMMS), in which the
same matrix patterns with various sizes can be formed on both sides. In addition to inheriting all the advantages of chernin-type MMS,
the newly designed SMMSs have the attractive character of special symmetric configurations. The optical path length of SMMSs is
adjustable in a wide range, from a few meters to several hundred meters easily, merely depending on the size of the matrix. The
special virtues of SMMSs offer great convenience to design multi-laser channels for simultaneous multi species trace gas sensing.
By modeling the SMMS design problem as a variant of the classical traveling salesman problem, two original 3-mirror SMMSs are
designed, analyzed and built.

The proposed method is further extended to design a 4-mirror symmetric optical MMS. The experimental observations are in good
agreement with the theoretical calculations, which verifies the effectiveness and robustness of the design methodology. Altogether,
the newly proposed SMMSs have a promising application prospect in trace gas measurement. And the strategy we put forward promise
to promote the design and development of the multipass matrix systems.
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