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Fast Generation of Digital Video Holograms Using Multiple PCs
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Abstract

High-resolution digital holograms can be quickly generated by using a PC cluster that is based on server-client architecture and
is composed of several GPU-equipped PCs. However, the data transmission time between PCs becomes a large obstacle for fast
generation of video holograms because it linearly increases in proportion to the number of frames. To resolve the problem with
the increase of data transmission time, this paper proposes a multi-threading-based method. Hologram generation in each client PC
basically consists of three processes: acquisition of light sources, CGH operation using GPUs, and transmission of the result to the
server PC. Unlike the previous method that sequentially executes the processes, the proposed method executes in parallel them by
multi-threading and thus can significantly reduce the proportion of the data transmission time to the total hologram generation time.

Through experiments, it was confirmed that the total generation time of a high-resolution video hologram with 150 frames can be
reduced by about 30%.
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[ 2
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——: CGH calculation by Eq. (1)
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Fig. 1. Process of generating a hologram by CGH
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Fig. 2. Parallel and distributed processing of the CGH operations using PC cluster
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Table 1. Specifications of the PC cluster used in experiments
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Role GPU (Quantity) CPU RAM 0S

Server GeForce GTX 770 (1) i7-3770 3.4GHz 32GB Windows Embedded 8.1 Industry Pro
Client_1 GeForce GTX 580 (2) i7-4790 3.6GHz 32GB Windows Embedded 8.1 Industry Pro
Client_2 GeForce GTX 980 (2) i7-4790K 4.0GHz 16GB Windows 8.1 Enterprise
Client_3 GeForce GTX 980 Ti (1) i7-4790K 4.0GHz 32GB Windows 10 Education
Client_4 GeForce GTX 680 (1) i7-4770K 3.5GHz 8GB Windows Embedded 8.1 Industry Pro

¥ 2. S20|E PC 0 M2 S22 WY AIZH[EHL: &]

Table 2. Hologram generation time according to the number of client PCs [unit: sec]

. # of assigned CGH calc. time Trans. time per frame Total generation time
# of dlients light sources (L) per frame Ratio
9] Proposed [9] (= a) | Proposed (= b) (= bla)
Client_1 13K 0.575 0.043 0.041
2 Client_4 10K 0.577 0.052 0.042 95.352 88.659 0.93
Client_1 6K 0.265 0.061 0.112
3 | Client_3 12.5K 0.234 0.076 0.113 55.696 41.772 0.75
Client_4 4.5K 0.262 0.056 0.109
Client_1 3.5K 0.169 0.092 0.135
Client_2 10K 0.134 0.110 0.139
4 Client_3 7K 0.132 0.098 0.162 39.989 28.957 0.72
Client_4 2.5K 0.147 0.081 0.132
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Table 3. Hologram generation time according to the number of light sources [unit: sec]

# of light sources CGH calc. time | Trans. time per frame Total generation time
per frame [9] Proposed [9] (= a) | Proposed (= b) | Ratio (= b/a)
~ 5K 0.033 0.158 0.138 36.231 22.900 0.63
~ 13K 0.080 0.140 0.148 37.961 23.683 0.62
~ 23K 0.146 0.095 0.142 39.989 28.957 0.72
~ 50K 0.311 0.113 0.128 69.803 63.737 0.91
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Table 4. Hologram generation time according to the hologram resolution [unit: sec]

Hologram resolution CGH calc. time | Trans. time per frame Total generation time .
per frame [9] Proposed [9] (= a) | Proposed (= b) | Ratio (= b/a)
512 x 512 0.036 0.026 0.039 12.743 8.579 0.67
1024 x 1024 0.146 0.095 0.142 39.989 28.957 0.72
1536 x 1536 0.320 0.285 0.319 98.079 66.973 0.68
AEo A Y 5 AUNSH, 512 x 512, 1024 x 1024, A4, AFsHete Mule= Aol GojAes Fgold
1536 x 15369 S =E 7HA& HY 2 S2I#(150 =3 PCe] A& 7tk of 37] wzoll HA vy %E:L%B
DS AASE u 47 o 86x, 29%, 6727t AH T A AR Aol HolA e ZEteldE PCol EEIHY
A Akl olsf AR E AT W, ERIF AE A
4. Lol e EHf LAlof Aok gy XHE ZEo|AE PCe Aol A Y A 7] Wi A
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Table 5. Hologram generation time according to the light source distribution method [unit: sec]

Distribution method CGH calc. time Trans. time per frame Total generation time
per frame Sequential* | Parallel* | Sequential (= a) | Parallel (= b) | Ratio (= b/a)
Client_1 | 0.254
. Client_2 | 0.077
Uniform¥ Client 3 | 0.110 0.080 0.100 61.123 51.897 0.85
Client_4 | 0.336
Adaptive!® 0.146 0.095 0.142 39.989 28.957 0.72

t The light sources are evenly distributed to the client PCs regardless of their computing power.
* Sequential: sending the resulting hologram to the server after finishing its generation, parallel: sending the t-th
hologram while generating the (t+1)-th hologram.
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Fig. 6. Time-stamp diagram of each thread of Client_1 and Client_2 when light sources are evenly distributed
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