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Abstract: We show how to find multiple orthogonal channels between optical transmitters and 
receivers even with strong scattering and loss. The method requires no measurement of field or 
scatterer, no device calibration, and no calculations.  
OCIS codes: (010.1080) Active or adaptive optics; (220.1140) Alignment; (060.2605) Free-space optical communication. 

1. Introduction

In optics, we would like to be able to use multiple overlapping orthogonal spatial channels, for example to 
communicate with larger bandwidth in multimode fibers or free space. For a strongly scattering medium or one, 
such as multimode optical fiber, that may have significant scattering between modes, then it may not be clear how to 
establish just what the optimum channels are. We can, of course, measure the properties of the scattering medium 
and calculate optimum channels [1], but such measurement of optical fields can be tedious, the calculations can be 
time-consuming, and we also need well calibrated optical components [2] to implement the transmission and 
reception with the channels. Recently, we showed how a simpler optical problem – that of making a self-aligning 
beam coupler [3] – can be solved without any measurement of the optical field and without any calculations. 
Furthermore, we showed how this concept can be extended to multiple overlapping orthogonal beams [3] and to 
linear optical components generally [4]. Here we show how, by using two such self-aligning beams couplers, we can 
find the optimum optical channels through an arbitrary linear scattering medium. 

In contrast to other optical schemes and related concepts such as multiple-input multiple-output (MIMO) 
approaches common at radio frequencies [5] and recently investigated for optics [6], we accomplish this again 
without measuring the optical field, without any calculations, and without requiring specific calibration of optical 
components. This scheme works even in the presence of loss or out-scattering (i.e., for non-unitary optics). In 
contrast to approaches such as phase conjugation [7], this approach can simultaneously establish multiple orthogonal 
channels and does not require nonlinear optical materials. The approach is well suited for implementing with silicon 
photonics.  

Fig. 1. (a) Single-channel self-aligning beam coupler to find an optimal channel from a simple source. (b) Two 
multiple-channel self-aligning couplers to establish and separate multiple overlapping channels. 

2. Single-channel self-aligning optics

A simple version of the approach here is to optimally couple back and forward with a simple (e.g., point) source, as 
shown in Fig. 1(a). Here we presume that light from the inward source is landing on some input couplers, such as 
grating couplers G1 – G4, which therefore couple this light sampled from the beam into the single-mode waveguides 
W1 – W4. Though shown here as a line of grating couplers, these couplers could be arranged in two-dimensional 
patterns for coupling to optical beams in free-space or modes in fibers [3,4]. These couplers feed a self-aligning 
beam coupler [3], which operates by adjusting the Mach-Zehnder interferometer (MZI) couplers MZ1 – MZ4, based 
on signals from the photodetectors D1 – D3, so as to couple essentially all the light from the grating couplers into 
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one single-mode input/output waveguide. That light emerges as indicated by the orange-colored “inward wave” 
arrow from the single-mode input/output waveguide at the bottom right of Fig. 1(a).  

In the self-aligning coupler [3], light coupled in through grating coupler G4 passes through MZ4, which is 
operated only as a phase shifter; phase shift in a MZI can be set by the common mode drive of the phase shifters in 
its two arms. (A simple phase shift element could also be substituted for MZ4). That phase shifter is adjusted to 
minimize the total detected power in detector D3, a process that sets the field contributions from both G4 and G3 to 
be in antiphase. Then we adjust split ratio of MZ3 (through the differential drive of the phase shifters in the MZI 
arms) to minimize the power in D3 again (ideally now to zero power because the field cancellation will now be 
complete). Next, the power in D2 is minimized similarly, first through the common mode drive of MZ3 to set phase 
and then through the differential drive of MZ2, and so on for any successive detectors and MZI couplers. The net 
result of this whole process is to end up with settings of the MZI such that there is negligible or zero power into any 
of the detectors, and so all the “inward wave” power now emerges from the single-mode input/output waveguide.  

With the MZIs set in this way, if instead we now shine a beam backwards into the single-mode waveguide (the 
red arrow at the bottom right in Fig. 1(a), the resulting beam out of the grating couplers will be substantially focused 
back onto the original inward source, thus establishing an optimized two-way channel, as in Fig. 1(a).  

3. Multiple simultaneous channels 

If now we use two such self-aligning couplers facing one another, possibly through some scattering medium, as 
shown in Fig. 1(b), we can run these so that they automatically find the best channel through that medium. In this 
case, both sides can offer optimized coupling to the other; this requires alternately self-aligning the system using 
row A of MZIs and detectors on the right while shining light into waveguide 1 on the left, and then similarly self-
aligning with the row A devices on the left while shining light into waveguide 1 on the right. After multiple such 
alternating self-alignments, the system will converge on the most strongly coupled channel between left and right in 
a fashion analogous to a laser finding the lowest loss mode. (In fact, this system is mathematically equivalent to a 
laser cavity with phase conjugate mirrors at both ends, though no laser action inside the device is required here.)  

The self-aligning coupler has the ability to couple multiple overlapping orthogonal modes simultaneously [3] if it 
is extended with additional rows of MZIs, as in the rows B, and C of devices in Fig. 1(b). In this case, the various 
detectors should be made to be mostly transparent, so most of the light propagates through them. Having trained the 
device to find the most strongly coupled channel by shining light into the waveguide 1, we can follow a similar 
procedure with light shining instead into waveguide 2 in a similar alternating procedure, now with row B, to find the 
second most strongly coupled channel, which will also be guaranteed to be orthogonal to the first [3]. In this way we 
can find multiple orthogonal channels between the two sides, even in the presence of loss and strong scattering. 

4. Conclusions 

In summary, we have proposed a method to find multiple simultaneous orthogonal optimal optical channels between 
multichannel optical transmitters and receivers, even in the presence of loss and strong scattering. The method 
requires no measurement of the optical field, no measurement of the scattering medium, no calibration of the optical 
devices, and no calculations.   
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