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xEMU Thermal-Vacuum Test Objectives

•First test w/2 xEMUs & measurement 
microphones
•5 simulated EVAs (temp., pressure)
•confirm functionality of AEC, VOX, 
AGC
•single-ended, conversational, full-
duplex communications
•quality/performance and speech 
intelligibility test signals, plus 
operational phrases
•Q: How does PLSS affect comms?
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2-suit comms system w/MCC/HLS/ISS in

4

COMMCAP FREE

= calibrated measurement microphone
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Key Audio/Acoustics Concepts

•Suit is a filter (speakers, suit volume, noise sources)

•Three interacting acoustic regions: HUT, Helmet, PLSS

•Acoustic Echo Canceller (AEC)
•prevents echo and feedback
•eliminates commcap
•multiband adaptive system
•models how suit filters (changes) inbound signals, subtracts
•blocks inbound signals from outbound comms (speech, tones)
•passes signals created inside suit 

• crewmember speech (good)

• PLSS noise (not good)
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AEC for Comms: Outbound from suit
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Inbound Audio only, AEC Removes from Outbound audio

Inbound Audio + Crew, AEC Removes Inbound, Passes Crew

AEC blocks inbound
signals from exiting 

via outbound comms

AEC blocks inbound
signals from exiting 

via outbound comms,
passes crew voice

(+ suit noise)

COMMCAP FREE

COMMCAP FREE
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C&W tones: inbound w/transients
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(a)

(b)

1 2 3 4

ICS input to AEC

AEC output to comms

Ambient noise may vary as AEC adapts to broadband (transient) signal

COMMCAP FREE

COMMCAP FREE
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AEC Conversation w/PLSS + Absorption
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xPLSS noise, AEC disruption, no absorption

DSP Bandlimited noise from comms loop (lab noise + conversation

Unknown contact w/suit or test article mechanical noise

Time (hh:mm:sec) →
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AEC blocking inbound lab speech sent by xEMU AEC

3D HUT ICS output gained for 85 dBA EIS max is distorted version of xEMU fan/duct noise w/content above fNyquist 

due to amplifier chip/issue

AEC blocks incoming fan/duct noise from xEMU AEC failure

SxEMU PLSS fan/ducts on

Time
100 200     500   1k    2k 3k    5k
                                   Hz

(1) EV01 (w/PLSS) Manikin Ear

(2) EV01 (w/PLSS) Comms output

(3) EV02 Ear hearing EV01

(4) EV02 Comms Output
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https://ea.sp.jsc.nasa.gov/projects/AdvEVADev/SEI/AIT/xPGS%20DVT%20Documents/xEMU%20Audio%20Data/xEMU%20Audio%20Testing/SxEMU%20TEST%20Audio%20Documents/TEST_AUDIO_EXTRACTS_AND_EXAMPLES/LabAmbientTOxPLSSfanOn/02-EAR%20Left-230615_1206_LabAmbientTOxPLSSfanOn.wav
https://ea.sp.jsc.nasa.gov/projects/AdvEVADev/SEI/AIT/xPGS%20DVT%20Documents/xEMU%20Audio%20Data/xEMU%20Audio%20Testing/SxEMU%20TEST%20Audio%20Documents/TEST_AUDIO_EXTRACTS_AND_EXAMPLES/LabAmbientTOxPLSSfanOn/09-EV02%20EAR%20Left-230615_1206_LabAmbientTOxPLSSfanOn.wav
https://ea.sp.jsc.nasa.gov/projects/AdvEVADev/SEI/AIT/xPGS%20DVT%20Documents/xEMU%20Audio%20Data/xEMU%20Audio%20Testing/SxEMU%20TEST%20Audio%20Documents/TEST_AUDIO_EXTRACTS_AND_EXAMPLES/LabAmbientTOxPLSSfanOn/08-AEC%20Out-230615_1206_LabAmbientTOxPLSSfanOn.wav
https://ea.sp.jsc.nasa.gov/projects/AdvEVADev/SEI/AIT/xPGS%20DVT%20Documents/xEMU%20Audio%20Data/xEMU%20Audio%20Testing/SxEMU%20TEST%20Audio%20Documents/TEST_AUDIO_EXTRACTS_AND_EXAMPLES/LabAmbientTOxPLSSfanOn/08-AEC%20Out-230615_1206_LabAmbientTOxPLSSfanOn.wav
https://ea.sp.jsc.nasa.gov/projects/AdvEVADev/SEI/AIT/xPGS%20DVT%20Documents/xEMU%20Audio%20Data/xEMU%20Audio%20Testing/SxEMU%20TEST%20Audio%20Documents/TEST_AUDIO_EXTRACTS_AND_EXAMPLES/LabAmbientTOxPLSSfanOn/12-EV02%20AEC%20Out-230615_1206_LabAmbientTOxPLSSfanOn.wav
https://ea.sp.jsc.nasa.gov/projects/AdvEVADev/SEI/AIT/xPGS%20DVT%20Documents/xEMU%20Audio%20Data/xEMU%20Audio%20Testing/SxEMU%20TEST%20Audio%20Documents/TEST_AUDIO_EXTRACTS_AND_EXAMPLES/LabAmbientTOxPLSSfanOn/12-EV02%20AEC%20Out-230615_1206_LabAmbientTOxPLSSfanOn.wav
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Acoustic absorption to continue test
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* Removal of O2 
inlet/splitter gives approx. 
3 dBA additional
reduction
* Helmet + full
Absorbers w/transmission
of lab fan noise, 
no inbound audio noise,
ambient SPL = 56.5 dBA

Max attenuation 92.5-86.1 = 6.4 dBA

Absorption improvised to facilitate additional testing – 
Not authentic match of human absorption (hair, LCVG, etc.)

COMMCAP FREE

Additional absorber 
below neck
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Speech Intelligibility
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• Target: >90%

•Modified Rhyme Test (ANSI/ASA S3.2-
2009)
• Battery of short words from multiple 

talkers
• Listener jury picks best word from a list
• Statistics account for guessing

• Speech intelligibility, “bookend cases”: 
• 63% w/PLSS– worst case – can only 

improve
• 88% for “NC-52-like” low fan noise, like 

design specification

• Previous test (sans PLSS): low 90% range

“Please select the word pass… please select the word drop… Please select…”

Graphic: Wikipedia

NC-rating determined by 
highest-rated curve broken: 

NC45 in 8 kHz band 



AEC Conversation + VOX/AGC, “NC-52-like”
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Summary/Conclusions
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• Audio: Commcap-free, full-duplex comms

• Works @ expected “NC-52-like” conditions: 88% speech intelligibility

• PLSS noise: 63% speech intelligibility

• PLSS: Best solution is a quiet PLSS

• Too loud for crewmember > 85 dBA

• Noisy PLSS = noisy outbound audio 

• Hearing protection doesn’t prevent noisy outbound comms

• Disrupts AEC in other suit

• Improvised absorption → mid to low 70 dBA for vacuum chamber

• Solution(s): 

• Acoustical treatment of PLSS (fan, pump, turbulence)

• Suit absorption

• Helmet: 

• Reflective, elliptical, driven directly by PLSS

• Microphones at collar 

• Treatment: mic windscreens or alternate locations, acoustics COMMCAP FREE

Audio/Comms check outside 
TVAC vacuum chamber in 3D-printed HUTS
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Q & A

14

Contact Info:
Steven Smith, GeoControl Systems/Jacobs/NASA Audio Dev Lab
Suit audio/DSP/audio-acoustics
steven.s.smith@nasa.gov

mailto:steven.s.smith@nasa.gov
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Data Presentation

• Spectrograms show frequency content over time
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Sound Levels, corrections, bandwidth
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Human 
Speech

200 Hz - 6000 
Hz

Human Hearing (20 Hz-20 kHz)

100 100001000
Hz

https://www.osha.gov/otm/section-3-health-hazards/chapter-5
https://www.osha.gov/otm/section-3-health-hazards/chapter-5
https://www.osha.gov/otm/section-3-health-hazards/chapter-5
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Equipment: Suits

“Short” xEMU with Human 
Metabolic Simulator & PLSS

Second suit w/nitrogen and
extensive thermocouples

Audio test manikin with voice
and measurement microphones

COMMCAP FREE
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Operations/Monitoring
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EV01 & EV02
Spectral

Comparisons

EV01 & EV02
Ear and Voice

dB levels

EV01 & EV02
Critical Spectra
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Spec. Reqs.

19
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