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Figure S1. HaptGlove with Vive Tracker.
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Figure S2. Workflow schematic of HaptGlove, indicating the interactions between virtual
objects and corresponding haptic responses on the user’s hand. Briefly, the HaptGlove
monitors user’s hand poses by palm and finger tracking using Vive tracker and rotational
sensors, respectively. The information is mapped onto a hand avatar in VR. Information
regarding touch interactions with virtual objects are sent back to HaptGlove to process, and
the corresponding haptic rendering modules are activated to provide haptic feedback to the

user.
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Figure S3. Soft actuator fabrication. (a) PneuClutch soft chamber fabrication. (b)
Pneulndenter fabrication. WR stands for weight ratio.
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Figure S4. HaptGlove power consumption of grasping a virtual ball. (a) Multimode haptic
feedback. When fingers touched virtual objects, corresponding valves operated to actuate the
PneuClutches and Pneulndenters. At the same time, the pump was turned on to maintain the
pressure in the reservoir. After these operations were done, the virtual ball can still be
constantly felt in hand while the system power consumption was kept at a low level. The
average power in this grasping event was 1.12 W. (b) Vibration haptic feedback using
eccentric rotating mass (ERM) motors. The ERM motors need to be kept on to create a
continuous grasping sensation. The average power was 2.43 W.
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Figure S5. Testing setup of (a) PneuClutch and (b) Pneulndenter.
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Figure S6. Pneumatic system pressure delivery test.
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Figure S7. Force curves with 30kPa actuation showing the on and off delay of PneuClutch
and Pneulndenter. For haptics on delay, because PneuClutch is a passive module, the delay
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starts when the V;j, valve is powered and ends when the feedback force starts to increase.

While Pneulndenter is an active device, the haptics on delay ends at the time when the force
reached 95% of its peak valve. The haptics off delay for both modules is between the time
when V,; valve is powered to the time when the feedback force drops below 5%. (a) 18ms
and 63ms were observed for haptics on and off delay of PneuClutch, respectively. (b) 35ms

and 30ms were observed for haptics on and off delay of Pneulndenter, respectively.
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Figure S8. Three-step finger calibration. Users need to do “Thumbs Up”, “Four”, and “Pinch”
poeses one by one according to the hand models and touch the blue ball to confirm calibration.
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Figure S9. Joint force on fingertip. Fjoim: = \/qutchz + Findenter
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Figure S10. Vibration motors implementation. (a) Vibration motor placed beneath fingertip.
(b) Vibration motors implementation for each glove.
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Figure S11. The VR scene of six-ball stiffness sorting.
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Table S1. Comparison of commercial and published haptic gloves

Kinesthetic feedback

Cutaneous feedback

- - 5 . . Haptic .
Ref. Finger Trackin Weigh ntether
¢ Actuation Variable Vgrlable Latency Actuation Variable Vibration | Latency ger Tracking channels eight Untethered
force stiffness force
HaptGlove ?
. Upto Upto 1.92 . Upto Up to 18.8- Stretchable
Ourwork | Pneumatic | 17'y3y N/mm 18ms | Pneumatic | 5y 160Hz | 155.9ms sensors ° 2839 ves
Research prototypes
s Pneumatic | Up to4N Up to 130ms n.a. n.d. 5 245g° No
0.092N/mm
. Up to 200-
[2 b
Pneumatic Up to 3.5N 0.47N/mm 300ms n.a. n.a. 5 45.69 No
3] n.a. Pneumatic IN 10Hz 200ms Leapmotion 3 39/ . No
sensor finger
Up to Time-of-Flight
14
Motor 106N n.a. 21ms n.a. sensor 4 55¢g Yes
Bl Motor Up to Up to n.d. n.a. Hall sensors 3 488g Yes
3.34N 0.26N/mm
. Leapmotion
16l Electrostatic | Up to 50N Yes n.d. n.a. eapmotio 5 28g ¢ No
sensor
Products in the market
g:\g\i?” Pneumatic n.d. n.d. n.d. Pneumatic n.d. n.d. n.d. Car:;z(ri-i?]zsed 5 n.d. No
8l . Upto . Upto Magnetic motion b
HaptX G1 Pneumatic 35 50N n.d. 23ms Pneumatic 62kPa n.d. n.d. tracking 5 4509 No
Dexmo!! Motor Up to Yes n.d n.a Yes 5 300g Yes
500Nmm h o
Manus L Flex sensors and
Prime X119 n.a. Vibration n.a. Yes n.d. IMU 5 709 Yes

2 0-60kPa actuation pressure

® Exclude pneumatic control system
¢ 400g pneumatic control system

¢ Exclude control system
n.d. means not disclosed, n.a. means not applicable
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Movie S1.
PneuClutch force feedback with variable actuation pressure.

Movie S2.
Pneulndenter activation with variable pressure and frequency.

Movie S3.
Picking up, manipulating and sensing shape and size of virtual objects.

Movie S4.
Sensing soft and hard objects.

Movie S5.
Sensing the heartbeat, raindrops and engine vibration.

Movie S6.
Pressing a button, and squeezing and bursting a balloon.

Movie S7.
Playing archery.

Movie S8.
Six-ball sorting experiment.

Movie S9.
Socializing with a friend.
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