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Abstract

Visible Light Communication (VLC), which uses visible light (400-800 THz) to trans-
mit data, is considered a breakthrough technology catering to the surging demand for
high-speed data connectivity. In this thesis, multi-cell indoor downlink VLC system
has been studied for performance enhancement. In multi-cell framework, multiple
optical atto-cells are strategically deployed to ensure uniform illumination along with
efficient data transmission. However, the efficacy of such systems is hindered by a
critical issue, inter-cell interference (ICI). ICI results from the overlapping channels
of the adjacent atto-cells. This interference leads to poor signal-to-interference-plus-
noise ratio (SINR). Additionally, the reliability of VLC depends on the presence of
line-of-sight (LoS) links between the access point and the user. Any obstruction in
between results in interruption of communication. Moreover, for adaptation of the
VLC technology in mass market, the receiver system should be compact in size and

integrable with in smart gadgets.

In this context, this thesis primarily focuses on the development of freeform based op-
tical front-end for receiver system. Freeform surfaces have no symmetry around any
axis of rotation. It offers more degrees of freedom, also has the ability to accommo-
date wide field as compared to the conventional symmetrical optics. Use of freeform
surfaces reduces number of components and overall size of the system. The rotation-
ally non-symmetric freeform has been proposed in this thesis to develop an off-axis
quadrilateral field of view for receiver front-end, which mitigates ICI considerably by

spatially separating channels from the adjacent cells.

The first part of the thesis work delved in designing freeform based receiver namely
freeform diversity receiver (FDR). FDR has four freeform surface element (FSE) and
each of FSE has off-axis FOV. The use of freeform optics reduces the dimension of
receiver compared to the other existing multi-cell VLC receivers. The evaluation of
the proposed FDR system at different operational conditions has shown it has superior
SINR performance. In order to enhance the communication performance further, the
receiver architecture is updated with a modified design of FDR (MFDR).

The second stage of the research work deals with the fabrication, metrology and the

experimental validation of the previously proposed FSE. Single point diamond turning
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(SPDT) machine and profilometry have been used for fabrication and characterization
respectively. The effects of FSE form error and roughness on the SINR is evaluated
and the findings are used as feedback to the machining process. One receiving unit
prototype has been prepared with fabricated profile and experimentally validated on
test bench. The research work is further extended to reduce optics size. A novel
design of freeform-Fresnel surface has been proposed to replace FSE. The total height
of freeform-Fresnel element is much smaller than FSE. The first trial freeform-Fresnel
element is fabricated using SPDT and the challenges related to its development and
alignment process is reported in this Section. Afterwards, a design of monolithic
freeform-Fresnel has been presented with SINR performance. The idea of monolithic

profile has eliminated the need of orthogonal alignment of individual element.

This thesis has also explored the utility of emerging reconfigurable intelligent surfaces
(RIS) to establish alternating reflected links in the absence of LoS link. RIS is tunable
passive elements made of primarily metasurface or mirrors array and has the capability

to manipulate the orientation of reflected light in desired direction.

This work also explored the use of RIS in multi-cell environment to enhance communi-
cation performance. The SINR performance is studied for different FOV photodiodes
(PD) with RIS, no-RIS during blocking and no blocking condition. Integration of RIS
has improved SINR on a certain zone on the communication floor even in presence of

blockage.

In the final phase of the thesis, the impact of FDR and MFDR, which are mainly
off-axis FOV receiver system, have been evaluated during light path blockages in RIS
assisted multi-cell indoor system. SINR performance, data rate, coverage probability
of PD, FDR, and MFDR have been compared to identify the most suitable receiver
system for the aforesaid application. Also, the relationship with RIS quantity, and
RIS positions have been studied in presence of different receiver geometries. Finally,

the influence of RIS on indoor illumination level has been reported.

The results obtained in this thesis confirm that the introduction of freeform optics
and reconfigurable intelligent surfaces are attractive solutions for ICI mitigation and

blockage management in multi-cell indoor scenarios.
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HIRIRA

fafSieer age HEgfaher (vic), St 3eT @9NoT & v fafsiee @ge (400-800 THz) ST 3TANT
T §, 329 I &1 FAfFefady T decdl ANT H QU A dlell Teh HifdhRT deheileh Holl
S &1 38 Nf{T & vedd # 8RR 9 & AT AE-Td 598K s3dATais VLC R{EeH
T T fHAT AT §| HASI-Al A H, Ueh HHTA YRR STGEAT & AT JHTIT 3T FIWOT
FATRIT X & [T &S 3fiTCeehol TEI-Tod @I 0GR & & oAl fohar ST 81 gTeiiien,
O RBeea $r gaailiedr e TR 8T, Se3-Aa Sehd (IC) & a1 gt g1 ICl
fAeadt te-ted & AT ATl F HROT BT &1 T§ $eTH RATAT-C-FeTHd-Cord-
AlSST AT (SINR) T FHH AT g1 THb AR, VLC T faRawsiaar vadg dige 3R
IYANETRAT & & dA18-3T%-A15e (Los) foieh &1 3ufeufd W AR Y &1 s 9T =15
T 3y HUR H Tohrae deT T &1 $HSh Helldl, SAT9eh STeT H VLC deheileh o 3Tefehole]
& foT, REaT [ A &7 31hR Fierdae g @1igv 3R FTAC AocH H Thipd i A9g
gler =R

5H dedl A, g NAw 7Ty &9 & R AweA & fov fieid 3miRa sificeshd he-Us
& fae X Figd T el Tdel & art 3R R o ol 387 W g gASIAr 6
gict 1 Ig 31Tt Taaaar &1 33 vereT ol § 3R aRURS FATAT FohriRIhr T Jefell
H Ik 8T B FATATTT Fed T &7H7ar 8 I@r §1 SHIpreT gl r 3UANeT Tl
e AR A & AT 3HER A FA W ol ¢l 39 NfAw 7 goia-R-aaqfaa e
T gEdTa fohar arm & arih Refley the-Us & faw ven 3ii-ufead wqgeler Tiie & fasfad
fRaT ST T, ST TAhead! AT T dsTall hl TATAR FT T 37T Lk ICI HT FHIHT FHeT
X ST &

NRAT & ggar #T F Bt 3neTRa NAeR, S hiwnd seafdd Refaw (FOR) Fr Srar
e & o W MEUS & ey R 13 €1 FORF TR I @dg dod (FSE) B & 3R
TS FSEHT Hh-Tfaad FOV EIaT &1 o 3fifcears &1 3u2ier 3w Hisfar Aed-aa VLC
Ry &1 Jorem #F RAR & 30 F1 A Har g1 Ao dareer ufaat # gearad
FDR fAEcH T Fodiched el 9T GIAT 91T foh SHAT SINR TG 3chse g1 HOR Feeie &l
IR 95 I & T Ry nfhea=k & FOR & T HART B8 (MFDR) & T1T
egae foRar I g

AT HA &F GEY WOT A Ugel GEATAd FSEF fHAToT, AStelrslt 3R 9 aeaie w
T fear I g1 | 3R oefur auie & v wEe: {9 uise sHg ef9r (SPDT)
Mot 3R NFBAAET T 3YIRT fohaT I-T &1 FSEHT Bl TR 3R IGAT F SINR TR IHT

Vi
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& Hediehet forar aram 3R TSl &1 3uier wfifeer gfshar & Hsdd & &7 & fhar arm|
T REAfFr gfae ey @ RAfAT AwEd F @y IR Fr o AR e d9 W)
U ¥ ¥ Faid fohar a=am| iy & & Aiftedd & IHR N FH I & (o
3T SR AT gl FSE & dcoled & v WhiA-Sheldl Tdg HT Th AT fSolsed g&driad
T arar g1 W—WW@@H@FSE@@%M%IW@WW—
YheTol ded I SPDT T 3TN Fleh AT hIAT 1T & 3R 3@ oo 3Rk dx@or gfskar
¥ R gelfaat 1 58 @s & RO fhar a1ar g1 91 #, SINRY&de & J1Y Al
SHITH-SheTel & Ueh f3iTSeT &l Sl foharm aram &1 Allfaifdes Wieise & faur o safaderd
dcd & 3frefaierer TX@OT &7 HTGTHAT H FACT T &AT

%Wﬁﬁgﬁgﬁ:@?&gﬁ@mﬂm(m)ﬁmﬁﬁmwaﬁwmé
oI Los feieh &I refuieufd # depfeues wrafdd ol T T ST @l RISHET & &
FEhE I AR W ¥ 9 o A A AT deag § 3R aifda feer & wmafda
TR & IFTATAIT & AT e T &77ar W &

3 P H Hedl-Od aldeluT H HIR Y62l F Fod & foIT RISFH IYIET dv 8 @rer &r
S Bl RIS, fSaT RIS &, 3ra1ys 3R foar aus Rufa & [ffs rov wiessd (PD) &
foT SINR U &1 e foham o gl ausd Fr 3uRyfa A i AR v W tE
fAfRTT &7 7 RISH THIHIT o SINRH FUR o &

NAF & AT WOT F, RIS TS Fedl-8d S8R [BECH F YR T FRIUF & aRTe
ALY &7 ¥ AHiw-vlewd Fov Refay [&Eea, FOR 3R MFDR & YI1d &1 Hediehl foham arar
€1 SINR 9eRleT, ST &3, PD, FDR, 31X MFDR & ha¥sl HHTGAT & Jololl T 915 § olifeh SR
3T & T Fed 3ugFd Ry s f1 ggard i S b g8 3, AffieeT
Refrar sanfafaar & sufeafa & rRis& amr 3R RS AT & @ g@yg a1 3reaae
forar I=r §1 319 H, 48R YhrT TR W RIS & wTd & RUiC & 715 B

58 NAF # o IRomA qite i § o Bl Hiftead iR g J3eT Jefaa= el
I IRET AeE-Aol S15R TRERAT F 1C1 70T 3N Y Yot & [T 3Tehdeh FATEne
gl

Vil
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