
Determine the effects of task requirements on 

the coordination of grasp and manipulation 

forces, specifically focusing on object fragility 

by imposing task constraints. 

• Prior research was aimed at analyzing and 

decomposing 2-digit finger forces while 

changing object properties such as mass and 

torque 

• The conclusions were that manipulation force 

(FM) is modulated throughout object lift onset 

and stability of the object is prioritized [1] 

• Grasp force (FG) functions as a feedforward 

mechanism, and is not modulated, but 

remains constant at object grasp 

• Grasp force is much larger than what is 

minimally biomechanically obligatory for a 

stable grasp
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• Subjects are able to successfully complete 

task requirements with minimal exposure to 

experimental conditions

• Subjects are able to maintain grasp stability 

under different constraints without 

modulation of manipulation force

6. CONCLUSIONS

• Inverted T-block is used to measure thumb 

and finger forces

• High-density EMG is connected via 4 arrays 

for Flexor, Extensor, Thumb, and Finger 

Muscles

• Conditions are imposed to constrain FG
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• FC
i  = fx fy fz mz

T
 represents the contact force 

vectors applied on the contact surface 

• G0 represents the null space of G

Digit Force Decomposition

Figure 1. Manipulation and grasp force decomposition (MGFD) algorithm and representative data.

Fragility High

• Subject imagines 

object is like an egg, 

and will “break” if 

grasped too hard

• FG is much lighter

Fragility Low

• Subject must meet FG 

threshold before lifting 

up object by pressing 

harder with both fingers

• FG is much harder

• Continue to collect additional subject data

• Analyze EMG data and observe the effects of 

different FG constraints

• Compare general trends across subjects for 

both FG and FM

7. FUTURE AIMS

Figure 2. Manipulation force and grasp force for Right Distal – Fragility High Condition of 20 successful trials for 1 representative subject.

Figure 3. Height of T-

block for 20 trials with 

Lift and Hold for Right 

Distal – Fragility High 

Condition of 20 

successful trials

Figure 5. Mean values of FG and FM during Hold and Lift 
for all Right Distal Conditions for 1 representative subject.

Figure 4. Average EMG 

signal during Hold for 

Extensor Muscle at 

Baseline measured in mV
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Diagram 1. Back side 

of T-block socket 

design. All 4 weight 

configurations are Left 

Distal, Left Proximal, 

Right Proximal, and 
Right Distal. 
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