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B0 5 Pelvis CE D E NN A, S TAEARINZGEAR (FERR 6) o ATELEH,
NS BRI SR S, AR A s AR ARSI E (Blan e B2, A BO KMEmS, X
I AT BEE AT e, ERTHAE S5 mp JRAT MG ) 3558 12 0458 2% T8 AR RSB B 491 A48 it L U S5 e

3 HERRMK

3.1 H{44 LBS

G ENEIR G 5 (LBS) J7 ik AR i 3 i % T AR R B X T dE AT T4, R
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ST ARG E o AR, G IR 52 B W RIS T AR A5 S pose /F VAT INZRZSHL, 4563K
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17 |_toe_base (ZZRiEt) 21 AR
18 r_upper_leg (AHE) 14 EEXHT
19 r_lower_leg (&5/MME) 15 Pz =p gl
20 r_foot (M) 16 KR
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i

B 1. R

class Attention(nn.Module):
def init  (self, embed dim, num_heads, dropout=0.0):
super(). _init ()
self.embed dim = embed_dim
self.num_heads = num_heads
self.head dim = embed dim // num_heads

assert self head dim * num heads == self.embed dim, "embed dim ‘L ZIHEH; num_heads T

self.q_proj = nn.Linear(embed dim, embed dim)
self.k proj = nn.Linear(embed dim, embed dim)
self.v_proj = nn.Linear(embed _dim, embed_dim)
self.out_proj = nn.Linear(embed dim, embed_dim)
self.dropout = nn.Dropout(dropout)
self.softmax = nn.Softmax(dim=-1)
def execute(self, query, key, value):
B, N _q, C = query.shape; B, N_k, C_k = key.shape
q = self.q_proj(query).reshape(B, N_q, self.num_heads, self.head dim).permute(0, 2, 1, 3)
k = self.k_proj(key).reshape(B, N_k, self.num_heads, self.head dim).permute(0, 2, 3, 1)
v = self.v_proj(value).reshape(B, N_k, self.num_heads, self.head dim).permute(0, 2, 1, 3)
attn_scores = jt.matmul(q, k) * (self.head dim ** -0.5)
attn_probs = self.softmax(attn_scores)
attn_probs = self.dropout(attn_probs)
context = jt.matmul(attn_probs, v).permute(0, 2, 1, 3).reshape(B, N_g, C)

return self.out proj(context)

i 2: EIARPFE

def adjust learning rate(optimizer, epoch, args):
BRI ST, IR epoch M (TR
if epoch < args.Ir warmup_epochs:
Ir = args.learning_rate # WIERLETAMTEL, HVIMG: )%

else:

# ERMESE IS o) R




decay progress = (epoch-args.Ir warmup_epochs) / (args.epochs- args.Ir warmup epochs)
Ir_range = args.learning_rate - args.Ir_end
Ir = args.learning_rate - Ir_range * decay progress # THH G KI5 HK

optimizerlr =1r # FUFRALARI 2] %

return Ir

M3 3: WA LBS

class DifferentiableLBS(nn.Module):

def init  (self):
super(DifferentiableLBS, self). init ()

def execute(self, V, W, ] inv_mats, pose):
batch size, num_points, = V.shape
T = jt.matmul(pose, J_inv_mats)
V_homo = concat([V, jt.ones((batch_size, num_points, 1))], dim=2)
W_expanded = W.unsqueeze(-1).unsqueeze(-1)
T expanded = T.unsqueeze(1)
G = (W _expanded * T _expanded).sum(dim=2)
V_homo reshaped = V_homo.unsqueeze(-1)
V_posed homo = jt. matmul(G, V_homo_reshaped)
V _posed =V _posed homo.squeeze(-1)[:, :, :3]
return V_posed

B 4: PTCNN #55 S5H & %) bl

) P i .
Loss/Train £ I* & Loss/Val [ L
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0.02
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P 7z
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® ptcnn_adv_skeleton_mpi_1750421216.8543441 0.002 ® ptenn_adv_skeleton_mpi_1750421216.8543441 0.0038
@® ptcnn_skeleton_mpi 0.017 @ ptenn_skeleton_mpi 0.0084




f3% 5: Chamfer Distance Loss

class ChamferDistanceL.oss(nn.Module):
def execute(self, pred_points: jt.Var, gt points: jt.Var) -> jt.Var:

Args:
pred points (jt.Var): FMAT S, RN (B, N*3), Htp B ZHK/ADN, N & EHG
gt points (jt.Var): HSZP R, IR (B, M*3), Hi M AJDIASET N,

Returns:
jt.Var: —MrE, RoRZAKEF Chamfer Distance 151K .

if pred_points.ndim == 2:
pred points = pred points.reshape(pred points.shape[0], -1, 3)

if gt points.ndim == 2:
gt points = gt points.reshape(gt_points.shape[0], -1, 3)

pred expanded = pred points.unsqueeze(2)
gt _expanded = gt points.unsqueeze(1)

dist matrix_sq = ((pred_expanded - gt expanded)**2).sum(dim=-1)
dist_matrix = jt.sqrt(dist_matrix_sq + le-12) # B 7EREL LR HIL sqrt(0) 52X nan

#1. TF5H M pred points F| gt points [ MBS
#  XTF pred points FHHIEEA AL, FRE] gt points HE T A IR
dist pred to gt = dist matrix.min(dim=2) # fZIK: (B, N)

#2. THE M gt points F| pred points )5 RHE
#  XT gt points HEA L, FKE pred points T 1 AL EE S
dist gt to pred = dist matrix.min(dim=1) # fIK: (B, M)

# TR PR R ME, 193] CD loss
cd loss = dist pred to gt.mean(dim=1) + dist_gt to_pred.mean(dim=1) # JEAK: (B,)

return cd_loss.mean()

3% 6: Symmetric Loss

class SymmetricJointLoss(nn.Module):
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def init_ (self, mode="none', joint_pairs=None, root_joint_id=0):

super(). _init ()

assert mode in ['none', 'position’, 'structure'], \
fRKSFRAL: {mode}"

self.mode = mode

self.symmetric_joint_pairs = joint_pairs or [
(6, 10), #1 shoulder - r_shoulder
(7, 11), #1 upper arm - r upper arm
(8,12), #1 lower arm -r_lower arm
(9,13), #1 hand -r _hand
(14, 18), #1 upper _leg - r upper leg
(15, 19), #1 lower leg-r lower leg
(16, 20), #1 foot - r_foot
(17,21) #1 toe base-r toe base

]

self.root_id = root_joint_id

def execute(self, joints: jt.Var) -> jt.Var:

nnn

joints: [B, J, 3] Tl 5< 5 AL R
if joints.ndim == 2:
joints = joints.reshape(joints.shape[0], -1, 3)
if self.mode == 'none":
return jt.zeros(1)
B = joints.shape[0]
loss = 0.0
for left, right in self.symmetric_joint_pairs:
left_joint = joints[:, left, :] # [B, 3]
right joint = joints[:, right, :] # [B, 3]
root_joint = joints[:, self.root_id, :].unsqueeze(1) # [B, 1, 3]

if self.mode == 'position":
# SHAA MO AR I X A B (B AR Z 277 )
mirrored_right = right_joint.clone()

11




mirrored right[:, 0] = -mirrored_right[:, 0]
# TSR

loss += jt.norm(left joint - mirrored right, dim=1).mean()

elif self.mode == "structure":
left vector = left joint - root_joint.squeeze(l) # [B, 3]
right vector = right joint - root_joint.squeeze(1) # [B, 3]
mirrored_right vector = right_vector.clone()
mirrored right vector[:, 0] = -mirrored right vector[:, 0]
# THEGUEE

loss += jt.norm(left vector - mirrored right vector, dim=1).mean()
return loss / len(self.symmetric_joint_pairs)

class SymmetricSkinLoss(nn.Module):

"

XFFRSE AR R s T 2O SO0 B s (0 B SR — 2
T EAL N symmetry index BLHT.
def init (self, symmetry index):
super(). _init ()
self.symmetry index = symmetry index # [N] numpy or jt.Var
def execute(self, skin: jt.Var) -> jt.Var:
skin: [B, N, J]
self.symmetry index: [N], &N s X FR 5 2R 5]
mirrored_skin = skin[:, self.symmetry index, :] #[B, N, J]

return jt.abs(skin - mirrored skin).mean()

12
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