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Abstract

The recent progress of modern science has enabled us to detect the physiological statusof organisms through their bioelectric activity; this technique has been constantly appliedto contemporary media art. However, exploring plants as a subject and allowing them tointerpolate and hence perform art through biosignals remains to be further explored. LucidDream is an artwork in which inspection, displacement, and engagement of plantcommunities take place, shedding light on the subjective perception of plants, a peripheralsubject that rarely comes to people’s attention. To achieve this, we entered a forest andapplied an artificial intelligence-based learning system capable of interpreting the localplants' responses to wind and rain stimuli via their biosignals. Subsequently, weestablished an environmentally controlled space within the art museum. Here, wesimulated and artistically represented the natural elements as perceived by the plants,using artificial machines driven by the plant-nature interaction model. As viewers enter thisspace, they can experience the plant-perceived natural environment, gaining a non-humanperspective through direct engagement with plant life. Lucid Dream not only leveragesintelligent computational technologies to comprehend the perceptual system of plants butalso fosters cross-species sensory experiences, enhancing our understanding andexpanding our perspective on the natural environment.
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1. Environmental-controlled space in the art museum where naturalelements perceived by the plants are simulated and artisticallyrepresented. © Youyang Hu, Chiaochi Chou, Yasuaki Kakehi

Figure 2. Bio-amplifier design. © Youyang Hu, Chiaochi Chou, YasuakiKakehi

Introduction

In recent years, as we close the gap betweentechnology and biological systems, artworks utilizingliving and semi-living organisms have becomeincreasingly vigorous in contemporary media art. Theseartworks have presented us with another perspective tounderstand different life forms. With the era of pan-biological materials of bio art unfolding, artists andscientists who carried multiple identities began todisplace the technique of biosignal detection in artcreations. A characteristic of displacement, which isRecontextualization, has provided a propelling force forLucid Dream is divided into the working phases ofinspecting, displacing, and engaging with plantcommunities. We first developed a bio-amplifier tocollect biosignals from multiple plants in a forest, wethen the dialectic between artists acting due to theirthought or their biological reactions to stimulus¹, ².Afterward, with the exploration method of usingbiosignals to construct a new logic for subjects orenvironments, people have further paid attention toother living organisms, especially algae and microbes³, ⁴,⁵.
In these artworks, non-human lives are presented aslively, having their own “umwelts”⁶. However, to answerthe upcoming question of whether living organisms havea more complex subjective activity and how to representit to viewers with more direct and persuasive evidence,we believe that plants can be an answer. Due to theirnatural ability to perceive, adapt, and even evolve aparticular method to respond to climate change, plantsdemonstrate high sensitivity and easily observedfeedback to the environment⁷. As a result, it is of greatpotential for us to utilize intelligent computationaltechnologies to create systems that interface with the"umwelts" of plants in nature in such a way as to extendour understanding and broaden our horizons regardingthe natural environment.

 Lucid Dream is divided into the working phases ofinspecting, displacing, and engaging with plantcommunities. We first developed a bio-amplifier tocollect biosignals from multiple plants in a forest, wethen applied an artificial intelligence-based learningsystem that can interpret the plants' perception of thewind and rain stimuli through their biosignals. Thenatural environment sensed by plants is displaced to theenvironmental-controlled space in another realm to beartistically represented. After being “Recontextualized,”the environmental data originally subject to scientificmethods have been transformed and enabled a newmeaning. When viewers walk into this space, they canexperience the natural environment that plants perceivethrough their engagement with plants’ life from a non-human perspective. Extending from art to science,breaking the existing framework of scientific research,and connecting trans-species sensory experiences toprovide a new possible way to respond to the questionof representing the subjective activity of livingorganisms to viewers.

Biosignals Detection and
Analysis

In this project, we focus on the Mimosa in the forest,known for its high sensitivity to environmental stimuliand commonly used in bioelectric signaling research⁸.We developed a miniature bio-amplifier to detect itsbiosignals in response to environmental stimuli. Itdetects the difference in electric potential between thesubstrate and the leaf petiole. As shown in Figure 2, itconsists of two integrated amplifiers (TLV27L2 andADS1292). Due to the uncertainty of plant resistancevalue and the electromagnetic interference caused byother equipment, most of the plant signaling tasks arecarried out in the Faraday cage. We overcame this
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3. System workflow. © Youyang Hu, Chiaochi Chou, Yasuaki Kakehi

4. Support vector machine configuration. © Youyang Hu, ChiaochiChou, Yasuaki Kakehi

5. Support vector regression configuration. © Youyang Hu, ChiaochiChou, Yasuaki Kakehi

6. The system configuration of Lucid Dream © Youyang Hu, ChiaochiChou, Yasuaki Kakehi

constraint by using two high input impedanceoperational amplifiers (TLV27L2) to get less interferenceand enable detecting the biosignals from plants in thenatural environment. To reduce the size and powerconsumption of the circuit, we utilize the ADS1292 whichintegrated high-resolution analog-to-digital converter(ADC) with a built-in programmable gain amplifier. Weused an STM32 microprocessor to pack the raw dataand an ESP32 to transmit the data to the computerwirelessly based on TCP protocol. On the computer side,there is a program developed in openFrameworks thatreceives and processes the biosignals. 

We next applied two supervised learning algorithms toconduct a time-domain analysis of the biosignals to getthe Mimosa's status under different environmentalstimuli. Figure 3 shows the workflow of this system, Asupport vector machine(SVM) classifier was applied todiscriminate between wind versus rain-stimulated

biosignal activity. A support vector regression(SVR)model was then used to predict the wind intensitysensed by the plant. We first reduced the noise of rawsignals by a low-pass filter (second-order Butterworthfilter) and then collected the biosignals as 800dimension vectors detected under two environmentalstimuli. As shown in Figure 4, for each stimulus, 50samples were collected and they were labeled "Windstimulus" and "Rain stimulus." We also collected 50samples that the plant was under no stimulus. We thentrained the SVM model that can classify the status ofplants under two environmental stimuli. We alsocollected the biosignals under three intensities of windstimulus. As shown in Figure 5, for each stimulus, 20samples were collected and they were labeled withinteger values of 10, 127, and 255. We then trained theSVR model that can predict the wind intensity as aninteger value between 0 and 255 that the plantsperceived in response to wind stimuli with differentintensities.
In this project, we have developed a plant-based systemfor environmental state sensing. Despite its inherentbiological variability, which can result in less precisioncompared to silicon-based sensors, this system holdssignificant potential for future bio-hybrid sensingtechnology. Additionally, we are exploring its creativeapplications in the realm of artistic practice, aiming toprovide audiences with a novel perspective on theirinteraction with the natural environment. 

System Implementation and
Artistic Representation

Based on our research in biosignals detection andanalysis, we created an artwork that artisticallyrepresents the natural environment perceived by plantsin an artificial space. As shown in Figure 6, the artwork
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7. The exhibition site of Lucid Dream. © Youyang Hu, Chiaochi Chou,Yasuaki Kakehi

consists of a plant observatory in the forest and anenvironmental-controlled space in the art museum.There are four Mimosas equipped with bio-amplifiers inthe plant observatory. The perceived state of eachMimosa in response to environmental wind and rainstimuli will be analyzed by our artificial intelligence-based learning system and remotely simulated in theenvironment-controlled space. The space is equippedwith four sets of air-blowing systems, each with threefans driven by the SVR models. The input is thebiosignals of four Mimosas. The intensity of the windperceived by each Mimosa corresponds to the numberof active fans in each air-blowing system. A rain machineis installed in this space, which synchronizes the rainstimuli perceived by Mimosas based on the SVM model.It consists of a water pipe running along the wall to theceiling and a pumping motor. When the system detectsthat Mimosas senses rain, it will trigger the rain machineto simulate the outdoor rain environment in this space.
Figure 5 shows the exhibition site in the art museum,with a monitor real-time streaming the environmentalconditions in the forest and the biological state of thefour mimosas. The natural environment sensed by plantsis displaced to the environmental-controlled space inanother realm to be artistically represented. After being“Recontextualized,” the environmental data originallysubject to scientific methods have been transformedand enabled a new meaning. When viewers walk intothis space, they can experience the natural environmentthat plants perceive through their engagement withplants’ life from a non-human perspective.

Conclusion

This paper introduces the artwork Lucid Dream, whichuses plants as perceptual subjects to gain insight intoand artistically portray natural elements to viewers. Toaccomplish this, we have devised a bio-amplifier for

detecting plant biosignals in response to environmentalstimuli. Subsequently, within a forest environment, wehave employed an artificial intelligence-based learningsystem capable of interpreting local plants' responses towind and rain stimuli through their biosignals.Additionally, we have established an environmentallycontrolled setting to simulate and artistically representthe natural environmental elements as perceived bythese local plants to viewers. Lucid Dream not onlydelves into the utilization of advanced computationaltechnologies for understanding plant perceptualsystems but also endeavors to create cross-speciessensory experiences, expanding our comprehension andperspective on the natural environment.
References

1 Alvin Lucier, Simon Douglas, Chambers, Scoresby Alvin Lucier,Wesleyan University Press, 2012.
2 David Rosenboom, "Method for producing sounds or lightflashes with alpha brain waves for artistic purposes," Leonardo,1972, 141-145.
3 Carlos Castellanos, "IntersectionsofLivingandMachineAgencies: Possibilities for Creative AI," The Language of CreativeAI, Springer, Cham, 2022, 155-166.
4 Sabina Hyoju Ahn, "Sonic transformation with living matter," Inproceedings of ISEA symposium, Inter-Society for the ElectronicArts, 2019.
5 You-Yang Hu, Chou Chiao-Chi, Li Chia-Wei, "Apercevoir: BioInternet of Things Interactive System," Proceedings of the 29thACM International Conference on Multimedia, 2021.
6 Jakob von Uexküll, "An introduction to Umwelt," 2001, 107-110.
7 Jagadis Chandra Bose, The nervous mechanism ofplants, Longmans Green, 1926.
8 Alexander G. Volkov, et al. "Mimosa pudica: electrical andmechanical stimulation of plant movements." Plant, cell &environment 33.2, 2010, p.163-173. 




