










•

•



•

•









Origin



•

•

•

Origin

Insertion



•

•

•

•



Muscle Joint 
Groups



@classmethod
def createFromAttachObjs(cls, muscleName, originAttachObj, insertionAttachObj,

compressionFactor=1.0,
stretchFactor=1.0,
stretchOffset=None,
compressionOffset=None):

"""

Args:
muscleName (str): the name of the muscle
originAttachObj (str): the name of the immobile bone
insertionAttachObj (str): the name of the movable bone
compressionFactor (float): ratio of muscle compression
stretchFactor (float): ratio of muscle stretch
stretchOffset list(float, float, float): 

offset vector when muscle group is stretched
compressionOffset list(float, float, float): 

offset vector when muscle group is compressed

"""

def update(self):
"""Apply the edits"""

def edit(self):
"""Enter the edit mode"""

if __name__ == '__main__':
muscleGroup = MuscleJoint.createFromAttachObjs('leftBicep', 

'LeftUpperArm1Twist0', 
'LeftLowerArm1Twist0',
compressionFactor=0.5,
stretchFactor=1.5)

# apply edits to muscle group
muscleGroup.update()
# enter edit mode
muscleGroup.edit()

class UpperArmMuscles(BipedMuscles):
def __init__(self, name='upperArmMuscles', side='Left',

upperArmJoint=None, lowerArmJoint=None,
upperArmTwistJoint=None, lowerArmTwistJoint=None,
scapulaJoint=None, inferiorAngleJoint=None):

super(UpperArmMuscles, self).__init__(name=name, side=side)

def add(self):

self.bicep = MuscleJoint.createFromAttachObjs(muscleName='{0}Bicep'.format(self.side),
originAttachObj=self.upperArmTwistJoint,
insertionAttachObj=self.lowerArmTwistJoint,
compressionFactor=0.5,
stretchFactor=1.5,
bulgeVector=[0.0, 0.0])

self.tricep = MuscleJoint.createFromAttachObjs(muscleName='{0}Tricep'.format(self.side),
originAttachObj=self.scapulaJoint,
insertionAttachObj=self.lowerArmJoint,
compressionFactor=0.5,
stretchFactor=1.5,
bulgeVector=[0.0, 0.0])
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class TrapeziusMuscles(BipedMuscles):

def add(self):
# Descending Part: superior fibers of the trapezius
# Origin: spinous process of C7 to the occipital bone (neck joint to head joint)
neckJointPos = om.MVector(mc.xform(self.neckJoint, translation=True, q=True, ws=True))
headJointPos = om.MVector(mc.xform(self.headJoint, translation=True, q=True, ws=True))
averagePos = (neckJointPos + headJointPos) / 2.0
neckJointWorldMatrix = mc.getAttr('{0}.worldMatrix'.format(self.neckJoint))
offsetVector = om.MVector(neckJointWorldMatrix[8: 11]) * 0.02
trapeziusAOrigin = offsetVector + averagePos

# Insertion: lateral third of the clavical
clavicalJointPos = om.MVector(mc.xform(self.clavicalJoint, translation=True, q=True, ws=True))
acromoinJointPos = om.MVector(mc.xform(self.acromionJoint, translation=True, q=True, ws=True))
offsetVector = (clavicalJointPos - acromoinJointPos) / 6.0
trapeziusAInsertion = acromoinJointPos + offsetVector

self.trapeziusA = mb.MuscleJoint.createFromAttachObjs(muscleName='{0}{1}A'.format(self.side, self.name),
originAttachObj=self.neckJoint,
insertionAttachObj=self.clavicalJoint,
compressionFactor=0.5,
stretchFactor=1.5,
bulgeVector=[0.0, 0.0])

self.muscleParts.append(self.trapeziusA)
mc.xform(self.trapeziusA.originLoc, translation=trapeziusAOrigin, worldSpace=True)
mc.xform(self.trapeziusA.insertionLoc, translation=trapeziusAInsertion, worldSpace=True)
# Transverse Part: middle fibers of the trapezius
scapulaJointPos = om.MVector(mc.xform(self.scapulaJoint, translation=True, q=True, ws=True))
# Origin: Broad aponeurosis at spinous processes of vertebrae T1-T4 (or C7-T3)
averagePos = (neckJointPos + scapulaJointPos) / 2.0
trapeziusBOrigin = om.MVector(neckJointPos.x, averagePos.y, averagePos.z)
# Insertion: Medial aspect of acromion, Superior crest of spine of scapula
offsetVector = (scapulaJointPos - acromoinJointPos) / 4.0
trapeziusBInsertion = offsetVector + acromoinJointPos
self.trapeziusB = mb.MuscleJoint.createFromAttachObjs(muscleName='{0}{1}B'.format(self.side, self.name),

originAttachObj=self.spine3Joint,
insertionAttachObj=self.acromionJoint,
compressionFactor=0.5,
stretchFactor=1.5,
bulgeVector=[0.0, 0.0])

self.muscleParts.append(self.trapeziusB)
mc.xform(self.trapeziusB.originLoc, translation=trapeziusBOrigin, worldSpace=True)
mc.xform(self.trapeziusB.insertionLoc, translation=trapeziusBInsertion, worldSpace=True)
# Ascending Part: inferior fibers of the trapezius
# Origin: Arise from the spinous processes of the remaining thoracic vertebrae (T4-T12)
# roughly is T8 at the same level as the xiphisternum: (JOBack3)
spine3JointPos = om.MVector(mc.xform(self.spine3Joint, translation=True, q=True, ws=True))
trapeziusCOrigin = om.MVector(spine3JointPos.x, spine3JointPos.y, trapeziusBOrigin.z)
# Insertion: Medial end of spine of scapula
trapeziusCInsertion = offsetVector * 3 + acromoinJointPos
self.trapeziusC = mb.MuscleJoint.createFromAttachObjs(muscleName='{0}{1}C'.format(self.side, self.name),

originAttachObj=self.spine2Joint,
insertionAttachObj=self.acromionJoint,
compressionFactor=0.5,
stretchFactor=1.5,
bulgeVector=[0.0, 0.0])

self.muscleParts.append(self.trapeziusC)
mc.xform(self.trapeziusC.originLoc, translation=trapeziusCOrigin, worldSpace=True)
mc.xform(self.trapeziusC.insertionLoc, translation=trapeziusCInsertion, worldSpace=True)

# create muscle joint groups for left side
trapBuilder = TrapeziusMuscles(side=‘Left’)
trapBuilder.add()
trapBuilder.finalize()

# mirror the left traps to the right side
mirrorTrapBuilder = TrapeziusMuscles(side='Right')
mirrorTrapBuilder.mirror(trapBuilder)
mirrorTrapBuilder.finalize()
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𝑥 = 𝑝 − 𝑟

𝐹 = −𝛽𝑣 − 𝑘𝑥

𝑣𝑡+ⅆ𝑡 = 𝑣𝑡 + ⅆ𝑡 ∙ 𝑠𝑡𝑖𝑓𝑓𝑛𝑒𝑠𝑠 ∙ 𝑟 − 𝑝 + 𝑑𝑡 ∙ 𝑑𝑎𝑚𝑝𝑖𝑛𝑔 ∙ 𝑣

𝑥𝑡+ⅆ𝑡 = 𝑥𝑡 + 𝑑𝑡 ∙ 𝑣𝑡

𝑚
𝑑2𝑥

𝑑𝑡2
+ 𝛽

𝑑𝑥

𝑑𝑡
+ 𝑘𝑥 = 0
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https://beltoforion.de/en/harmonic_oscillator/
https://www.ryanjuckett.com/damped-springs/
http://hyperphysics.phy-astr.gsu.edu/hbase/oscda.html




𝑢𝑉𝑒𝑐𝑡𝑜𝑟 = 𝑗𝑖𝑔𝑔𝑙𝑒𝑃𝑜𝑖𝑛𝑡 − 𝑃𝑖𝑣𝑜𝑡𝑃𝑜𝑖𝑛𝑡
𝑢𝑝𝑉𝑒𝑐𝑡𝑜𝑟 = 𝑟𝑜𝑜𝑡𝐽𝑜𝑖𝑛𝑡. 𝑢𝑝𝐴𝑥𝑖𝑠()
𝑤𝑉𝑒𝑐𝑡𝑜𝑟 = 𝑢𝑉𝑒𝑐𝑡𝑜𝑟 × 𝑢𝑝𝑉𝑒𝑐𝑜𝑟
𝑢𝑉𝑒𝑐𝑡𝑜𝑟 = 𝑤𝑉𝑒𝑐𝑜𝑟 × 𝑢𝑝𝑉𝑒𝑐𝑡𝑜𝑟

𝑎𝑖𝑚𝐴𝑥𝑖𝑠
𝑢𝑝𝐴𝑥𝑖𝑠

𝑎𝑖𝑚𝐴𝑥𝑖𝑠 × 𝑢𝑝𝐴𝑥𝑖𝑠

𝑇

×
𝑢𝑉𝑒𝑐𝑡𝑜𝑟
𝑣𝑉𝑒𝑐𝑡𝑜𝑟
𝑤𝑉𝑒𝑐𝑡𝑜𝑟

• http://eecs.qmul.ac.uk/~gslabaugh/publications/euler.pdf

•

upVector vVector (aim Vector)

http://eecs.qmul.ac.uk/~gslabaugh/publications/euler.pdf
https://nghiaho.com/?page_id=846




𝑦2

ℎ2
=
𝑥2

𝑎2
+
𝑧2

𝑏2

𝛼 = arctan
𝑎

ℎ

𝛽 = arctan
𝑏

ℎ

𝑥 = 𝑡𝑥1 + 1 − 𝑡 𝑥0
𝑦 = 𝑡𝑦1 + 1 − 𝑡 𝑦0
𝑧 = 𝑡𝑧1 + 1 − 𝑡 𝑧0

𝑤ℎ𝑒𝑟𝑒 𝑡 ∈ 0,1

⇒ 𝑦2 =
𝑥2

tan2 𝛼
+

𝑧2

tan2 𝛽

𝐴𝑡2 + 𝐵𝑡 + 𝐶 = 0
𝑤ℎ𝑒𝑟𝑒

• 𝐴 =
𝑥1−𝑥0

2

tan2 𝛼
+

𝑧1−𝑧0
2

tan2 𝛽
− 𝑦1 − 𝑦0

2

• 𝐵 =
2 𝑥1−𝑥0 𝑥0

tan2 𝛼
+

2 𝑧1−𝑧0 𝑧0

tan2 𝛽
− 2 𝑦1 − 𝑦0 𝑦0

• 𝐶 =
𝑥0
2

tan2 𝛼
+

𝑧0
2

tan2 𝛽
− 𝑦0

2

α β

Next Point
(𝑥1, 𝑦1, 𝑧1)

Previous Point
(𝑥0, 𝑦0, 𝑧0)





Rotate around y-axis
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mailto:Tenghao.wang@sony.com
mailto:Tenghaowang720@gmail.com
https://www.linkedin.com/in/tenghaowang/
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